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i.     su>*/unf 

This report  descrlb«« an Invest lotion of  th« effects of vmrlatlons In 
design parajneters on the dynamic characteristics of cantilever blade 
or "rigid"  rotors. 

Sone  fundamental  concepts of rigid rotor dynamics  including decoupling 
are presented, ai veil as a  10-degree-cf-freedom rotor stability analy- 
sis  in hovering and a brief  study of the  static stability of  the model. 

A dynamic  helicopter wind tunnel  model   haring a 10-foot  rotor diameter 
was constructed with three sets of blades and a hub which allowed smny 
variations   In geometry and stiffness.     Seven  rotor  configurations were 
tested  in the NASA   Langley Pull  Scale  Tunnel   (FST),  and  two of  these 
were tested to higher speeds and full scale Reynolds nuaber and Msch 
nunber  in the NASA  Langley Transonic  Dynamics Tunnel   (TTTT). 

The model and rotors and the  testing technique are  described,   and all 
the data collected are  Included.     Only th "»se portions of the data which 
appeared to be of particular  interest are  reduced and presented. 

A principal  focus of the program was the decoupled,  or  "matched blade", 
type of rigid rotor.     It was demonstrated to simulated air speeds on 
the order of 2Uo miles per hour  that  this  type of  rotor  is stable wit' 
extremely enmll values of control  gyro  inertia.     In addition,   it *äS 
found  that blade matching has a ma/or   lnfluei.ce on  chordwise  oscillating 
bladt   loads.     Figures  1 and  2  show that   first  (cantilever bending) mode 
matched blade chord,  loads are about one-third as  large as those   for 
coupled or   chord-stiff blades and that  chord  loads  for all-mode-matched 
blades are  only about one-tenth as great as  for coupled blades.     These 
approximate  ratios apply over the entire  range of  forward velocities 
tested.     The alphabetic designations on  these  figures are the  test con- 
figuration   identifications. 
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IT.       CORCLUSTOHS AJID RECOI4CNEÄTIONS 

ROTOR  LOADS 

Blade drag link oscillating loads (chordvlse banding at approxlnately 
10 per cent radius) are suMarlzcd In Figures 1 and 2.     l^ese have 
been scaled for the simulated vehicle fro» the model  results given  In 
Figures  31 and 33  for the configurations  listed  In T^ble  3.  Page  59- 

Configurations  "A" and  "B" were coupled or chord-stiff rotors with 0* 
tvlst and -&' tvlst respectively,  and they showed the highest chord 
loads,  by  far, of all  the configurations  tested.     Configuration  "E" 
was the fiberglass blade configuration where an attempt was oade to 
achieve an all-mode-aatched or decoupled blade by matching the flap- 
vise and chordwlse blade stiffness,   Inch by  inch,  along the span cf 
the blade.    This configuration showed, by far,  the  lowerst chord 
loads, which were oc the order of 10 per cent as large as for the 
coupled blades.    All the other configurations were matched only In 
their first mode or cantilever bending stiffness by the Insertion of a 
•oft drag link at the root of an otherwise chord-stiff blade.    These 
f irst-mode-matched rotors showed chord loads about one-third as large 
as for the coupled or chord-stiff blades and about two or three times 
larger than for the all-mode-matched blades.    From this  it can be 
concluded that blade matching,   involving reduced chord stiffness,   is a 
powerful tool for reducing the chordwlse  loads generated in the blades 
(and subsequently fed into the helicopter). 

Blade-to-gyro pitch link oscillating loads (blade root feathering 
torsion) ax« susmmrlsed in Figures 32 and 33 for the configurations 
listed in Table 3.    The  large magnitude of the oscillating pitch link 
load (which is primarily a steady gyro trim moment  in the non-rotating 
part of the control system) was not anticipated.     Examination of the 
oscillograph records showed a phase difference of about 90*  (+10*) 
between the point of maximum link load and the point of maximum 
feathering angle amplitude.    This phasing indicated that the load was 
principally a feathering friction or aerodynamic daaqplng type of load. 
Further examination of the records showed that most of the torque 
measured at the pitch link was also present in the blade torsion 
measurement at radial station 22 and therefore must be generated  in 
the outboard portion of the blade.    Equation 26 of Section TV gives 
the blade feathering aerodynamic damping,  which is shown to be a 
function of blade chord to the third power and tip speed to the second 
power.    The results obtained when utiliting this equation to calculate 
the theoretical first harmonic pitch link  load due to aerodynamic damping 
are shown on the curves of Figure 6, Page 25.     In this figure,  the measured 
pitch link  loads are compared to the theoretical  loads due to aerodynamic 
damping for three rotor configurations, and it  Is seen that most of the 



pitch link load it aerodynamic dating«  Additional damping due to 
friction In the feathering bearings or in the rotating part of the 
control system would tend to displace the theory curves vertically Into 
even better agreement with the data. Figure 6 also shows a scatter 
band for data from the same configuration of as much as 10 pounds. 

In the pitch link load surraary curve (Figure 32), all the data fall 
within a load band about 20 pounds In width.  From Figure 6 it could be 
Inferred that 10 pounds of this band could be data scatter.  In light 
of the above situation, It can oal> be concluded that: 

1. Most of the link load Is due to aerodynamic danplng and Is 
primarily a function of tip speed to the second power and blade chord 
cubed. 

2. Slight differences between pitch link loads for different 
configurations could have been data scatter due to slight differences 
In frictions, etc. 

3. All data fall within a fairly constant width band and there- 
fore none of the configuration variations caused gross charges in the 
basic pitch link load trend with velocity. 

MDDEL VIBRATION LEVELS 

tunfortunately, velocity pickups of very wide frejuency range were used 
to measure body vibration In the FST tests. These Instruments recorded 
a great deal of "hash" or vibration at very high freiiuencles. A major 
portion of this "hash" occurs at the first harmonic of the rotational 
speed of the synchronous electric motors.  This "hash" makes meaningful 
reduction and analysis of the data very questionable.  Because of this, 
the data Is presented as peak-to-peak oscillations in velocity, with no 
attempt to sort out meaningful harmonics.  The problem is cooqpounded by 
the Impossibility of achieving the same base level of vibration due to 
rotor unbalance or mal track on seven rotor configurations when as many 
f.s three configurations were run In one day. For instance, the glass 
blade configuration shows high vibration levels which nay reflect 
nothing more than the difficulty that was experienced In achieving good 
track with a set of blades that were extiemely soft in torsion.  In the 
FST tests, the body lateral was the only vibration pickup which showed 
sufficient difference between configuration that ary meaningful inter- 
pretation might be attempted.  The twisted metal mr tched blade config- 
uration with the low gyro Inertia showed the lowest vibration. At 10^ 
miles per hour, the various matched, twisted blade configurations 
showed lower vibration than the chord-stiff or unmatched rotors. 



In the TDT, accelerooeters wer« used to record vibration rathtr than 
velocity pickups and the results were sonevhat more useful, although 
once again the frequency range was wider than necessary and some "hash" 
was present. Again the "hash" shows strong first harmonic content of 
the rotational speed of the synchronous electric motors. Vibration 
levels of the two matched blade configurations tested in the TDT are 
rather high in hover, perhaps due to reclrculation and wall effects 
from hovering a 10-foot rotor In a 16- -y x6-foot cross section. The 
lateral and longitudinal, viliration levels dropped slightly below the 
hover vibration levels at 100 miles per hour and came back up to hover 
vibration level at about lUo miles per hour. The vertical vibration 
was at hovering level up to 100 miles per hour and began to rise lalte 
rapidly thereafter. 

In both the FST and TOT t^sts, the second flap bending frequencies of 
the rotor blades which were tested were near 3P«  This proximity in a 
three-blade rotor system is certain to result in higher vibration 
levels than would have bee., measured had this characteristic been 
designed out of the rotor system. Plots of the uncoupled blade bending 
freiuencios versus rotor r.p.m. ax« given on pages h6  and li7. However, 
since vibration in a helicopter body is singly the body response to the 
oscillating loads generated by the rotor, it can be assumed that reduc- 
tions In the oscillating loads generated by the rotor should yield am 
iiig>rovement in helicopter vibration levels. It is believed, therefore, 
that the substantial reduction in oscillating chord loads demonstrated 
by the matched blade rotor configurations represents a potential 
ijq>rovement in helicopter vibration levels. 

STABILITY 

The stability investigation of the model in the freon tunnel presented 
in Section IV was conducted as a safety measure for the wind tunnel 
program and is not directly applicable to the stability of a free flight 
vehicle. Äe free flight vehicle will, in general, be nore stalle than 
the wind tunnel model. The model was, however, demonstr-ited to be 
stable at simulated air speeds up to 2U0 miles per hour. 

The dyoamle stability of the blade gyro combination was investigated 
analytically and is shown in Section IV to be satisfactory with 
extremely «mall values of gyro inertia for the matched blade rotor. 
This analysis vas verified experimentally when tests to 2h0  miles per 
hour simulated air speeds with very small gyro Inertia values showed 
no indication of any instability. 



RECOWENDATIONC 

This program has shown that the matched blade or possibly reduced chord 
stiffness type of rigid rotor has substantially lower gyro size and 
much lower oscillating chordwlse loads than the coupled (or chord-stiff) 
type of rigid rotor.  The matched rotor configurations tested vere not 
optimum or even near optimum designs for two reasons.  First, the 
reiulrement for many types of geometry and stiffness variation required 
rather unusual hub and blade designs.  Second, the high solidity per 
blade resulted in large blade chords and therefore very large aero- 
dynamic control forces, A practical helicopter of such high solidity 
would undoubtedly utilize a larger number of blades of smaller chord. 
Lowering the chord quickly reduces the level of blade stiffness far 
below those tested in this program. 

It is therefore recoomended tht t additional test work be undertaken 
with a matched blade configuration using an optimized production type 
hub and blade design with a radius to chord ratio on the order of 1^ In 
place of the value of 8 used in this procrom.  Solidities representative 
of high-sp^ed rotor systems would then be achieved with additional 
nu-oers of blades. 









TV.       ANALYTICAL CONSIDERATION: 

A  study of the  stability and control  characteristics of a free- 
feathering rigid  rotor helicopter must consider all decrees of freedom 
having fpe-iuencles   In  the  range below two per revolution.     The  possi- 
bility of high-frequency rotor tlade  flutter  Is  not considered  here 
since the  general  practice of mass balancing at  least the outboard  two- 
thirds of the rotor blade at or near the   iuarter chord virtually ellro- 
Inates this from further consideration. 

The  fuselage,   control   gyro,   and  rotor  disc  make  up a convenient  concep- 
tual!- atlon of  the   system.     The fuselage  provl ies a means of describing 
the displacements  emd  ^.^-ular motions of  the  helicopter and  in  partic- 
ular,  for  the case  of  static behavior,   the  an^le of attack  of the  hell- 
copter.    The control  gyro and  the  rotor disc  provide convenient  concep- 
tuallzatlors of the  feathering motion and   the  flapping and  In-plane 
elastic defornetlons  of  the  rotor blades,   respectively.     Cyclic  flapping 
of the blades depicts  the pitch and roll  of  the  rotor disc,   while 
collective flapping describes the vertical   translation.     Blade motions 
In the plane of  the  rotor disc are  consistent with collective and  cyclic 
in-plane motions. 

The  subseiuent discussion  is divided into  three  parts:     (A)    derivation 
of control gyro e^ulllbriun equations,   shoving effects of compliance 
correction and elastic  decoupling (matching)  of  rotor blades,  and  indi- 
cation of salient factors   influencing stability and control;     (B)   static 
stability of the wind  tunnel model;  and  (C)  analysis of dynamic   stabil- 
ity  in hovering. 

(A)     CONTROL GYPO  B^UILIFRIUM EQUATION 

It   is postulated that  moment  inputs  into the  control gyro result  from 
feathering and elastic doforratlon of  the blades.     F\   vhernore,   the 
linkage between the blades and the  control  gyro  is  such that rooraents 
about  the blade  feathering axis arc  reacted by  the  control   gyro.     All 
other moments developed   in  the blade  system are  reacted by  the  rotor 
mast.    The linkage which  transmits  the  moment   into the control  gyro  is 
described  in  terms  of  the  cant angle,   defined aa  the  arlnut*   angle 
between the blade fentherlng axis and  its attachment point  to  the 
control gyro;  and   Jie  gear ratio,   defined  as  the ratio of blade  feather- 
ing angle  to control  gyro angle.     nubsetuent  discussion of the  control 
gyro eiuilibrlum ejuation  is divided  into  (l)     raoner.ts resulting  fron 
blade feathering notion and  (. )  gyro raoments  resulting from elastic 
deformation of the blades. 





liiere for* , 

x  =    p cos ^f       ■¥     (T     COB 9 nln ^     - T sin a     sir. ^ 

y=    P ßln ^        -      O-        ^36 OB ^      ♦ T sin ö      '8^                                (.  ) 

z  = (TBlnö ♦ T ooB ö   , 

l^ie   rates   of  motion   of  dm  In   the   x,   y,   i   plane«  are   found   by   differen- 
tiating eqiiatlon   (2),giving 

x   -   -p+  sln^r   -ad    Bin Q   Binf + a+      OB 6   COB ^r   -r9     com $   Bin f 

- T^r    Bln^   cos ^r 

y  -    ^^    COB ^r  ♦ <rd    sin 9   cos^r-*- <r ^   cos 9   sin ^r  ♦ T^    cos ^ CO« ^r ( 3 ) 

- T^r    Bin0   sln^r 

z m <r9   co*9 -TV    mtT\9     • 

The kinetic  energy,   dT,  of the element*!  ■»••,  da,   ia  therefore 

• p       • p       . p 
dT -  1/2  d«  (x    ♦ y    ♦  t") 

PiP ?     •   P P   *  P P o    . ^ PP2 
-  1/2  da  ( ^^   ^^ ♦ a ^  ^ ^   ♦r^ f   co/^     ♦   T '   ^^   ♦ T^f   .in^ 

. . p CO 
*2p*i9        Bitx9*2pTf6        co*9-Z*T    f Bin9 co»9 )   , 

which,   after  Integration,vlll  result  In the  total kinetic energy of the 
blade. 

The  following noaenclature is adopted   for Inertia! quantities! 

f f f O"2 da -  ^ (called the  "horltontal Inertia") 

J   J J   t2 ** m  Iv (called  the   "vertical  Inertia") (5) 

For a aass balanced blade, the products  of Inertia 

fjjpr**    -      /Y/Vo-da      -      0    . (6) 

13 





■In.-e   the   rot«tl   nal   apeei of  the   Vlade   Is   ronatant.,   ^   -  fl   an.1   ^ , 
b  ■   that   Kqu«tlon«      )),     10)  and      11 I     »sxlt   In 

iH ♦ ^ )8     ♦    [iH - rv  n      sinfl   -,6  * r9B   * ^6    - Mfl .     i 

taplu/lng  n—1 1   an^le  aaBu^>tlnna   sach   that   nii.6   •  9     and        no    -   1, 
Equation   (1. )  yield» 

(IR ♦   Iv)d      ♦     lIH -   1^)   n     9 *     T   6      ♦  kgfi      ■  Mfi    . ^ 

In  t«r«B  of  cyclic  feathering exprcaaea  aa 

Ö-   Ra    ö,f am     f ♦ r ) - ^    ^   o   am   f ♦ y ) (iu 

vtiere    Ö     1«   th«  pitch &n^l«   of  th«   control   ßrro,   KquAtlffn     13)  yield« 

R H 
-  hg -   SlytlF) ^      «g  coa   (♦♦y)  ♦   f^ ^n «g aln    f♦ /  -  M^    . (1 

15 



Ttie   resolution  of  rolling and   pit.-hing moaentT     I.e.,   L,  and  M- '  appHed 
to  the  control  gyro  by a  «Inftle  blade,  as   r.l.ovn   In  Sketch      ,   yields 

SKKTCH  : 

Rr.,. 
^ Bln(4r*y).{-^)£:(^-2Ivn'      e.  sir. ^y)ro0  ^X-^  ■- 'UB^'    **r 

H 

H      - -^ cos(f4.y)..^)',k0-2I^     eg --s- ^y)-fö j^i  n  e^m^^y ■  M «^♦y 

Ttien   the  resultant   of  three   blades   can  be  expressed  as 

L     -   L       ♦   L       ♦   L 

^r..6-.t.,n-)   8g  y- sinft^y*   ^ 1'   ''r'"   *♦>'♦—r- 

-TB    (fe)?ft ög      Z       'ln?  '^^"f-1 

1-1 

M     -   M       ♦  M ♦  M 
g *! 80 83 
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(2)   OTRD nomwra «sumo FROM ELAOTIC EKTOWATIOII or THE BLATBS 

In addition to featterlng notion,  flapping defomntion,  ß0,  outbonrd 
of tte fentharlsf bearing (••«  Rtference 3 for details)   of the blade 
and in-plane defoliation of the blade,  *   , also ra«ult  in acaenta 
about the blade feathering axis vhlch are transmitted to the control 
gyro.    The gacaeatrical considerations which lead to these aowents ax« 
presented in Sketch 3  on Pa^e 19.     fbe  rotor blade   is shown with the 
elastic axis swept forward by an angle   >>   with respect to the 
feathering axis.    The blade   is then defonsed in an in-plane direction 
through an angle   « The aoaent necessary to proride  this deforaatloD 
isk«*    where   k«   is  the  in-plane  stlffneae of the blade.    The blade 
is then defonsed in a flapping direction through au angle ß0 The 
aoaent necessary to produce this deforaatlon lskoo /30 Where    k o   i« 
the flapping stiffness of the blade outboard of the feathering     0 

bearing.    These deformations  result in two orthogonal noasnts.   k/iß„ 
and   k«*   sin /30   ,  in the plane of the feathering axis, 
of these aoaents sbout the feathering axis is 

•nts,   kß ff0 
The nesultaot 

6 k    %     sln(   X    - e     ) k.e .inßf .( x ) (22) 

Using a Taylor's series expansion, ß0-^o    * ß o  » *   ■ B  ♦ •  wfaer» 
ß   » * AX« displacesmnts due to static loads, and retaining only first 
oMsr tens». Equation (22) beconss 

M^    (   «   '  ^o   )   -  M
ö     (E'B0   ) 

^0  Po 

Brt     ,£ 

(^3) 
,E 

|j_    (sin  X cuaE-coe   X sin E) 

ßc fB no ^c' s ^ c, 8 E + ♦   k^     E  COB D-     (CUB X CUB  E  +   sin  X oin  E) 

sin X  sin  E)   ♦k^E   sin 30     (sin X  cos   E   -   CJS   X sin   E)   ♦ k€    sin B0     (c.sX   cus   E 

sin X  sin  E)   «    . 

It 



Elastic Axis 

^n 

♦ K€€sin ß0cos{X-€) 

*00. 

Kßßms\n ßt 

Feathering   Axis 

SKETCH   3 
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For small-aiigle assumption and   ignoring  second order tenr.8,   Equatijn 
(23)slinrllfies   into 

Mg    -k    X/3o     -  F.^0 (Hn-   Ke     )   -  D0   ? (k«      -  ^     )   . W 

The   first  tenr.   on  the   r.^ht hand side   ol  Equation   (?M   Is   the   conrpl xajice 
correction and   results   Tror blade  sweep.     The   second and  third   teroB 
are   the  elartic  coupliitp  terr.s  which  disappear fron elasllcally 
natched blades. 

Flapping and  in-plane  bending deformations  ca.n be  expressed   in  tertr.s 
of   rotor disc   rill  and   longitudinal   dlrpiacenent  of   rotor blades   in 
the   rotor disc as  follows". 

/30 > -     Bcos v 

7   * r2  sir. ^    . 

While,   in terc.s  of  rotor disc  pitch and lateral   displacement  of   rotor 
blades   in the   rotor disc, 

ßo =     ^dsln ^ 
(L>6) 

<   -    -  r    coe ^/ , 

So Uiat after considerations similar to Eq\iations (lU) through (21), 
the totAl tnooent Inputs into the control gyro Inclusive of Equations 
vl9)   &nd  (l'l)   becomes 
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(B)  STATIC gTABILITY OF THE WHO TUNNEL NDDEL 

The static stability of a wind tunnel model Is not the same as the 
stability of the full scale vehicle since the model Is restrained in 
several degrees of freedom. While an unrestrained helicopter can be 
very stable in forward flight, a wind tunnel model can be unstable. 

The folloving factors contribute to the static stability of a model: 

1. Inherent stability characteristics such as coaqpllance 
correction 

2. Model support springs 

3. Aerodynamic stabilization from a horizontal tall. 

Destabilizing are: 

1. Basic rotor pitch instability in p.bsence of corrective 
feathering from control gyro 

2. Aerodynamic drag of the rotor and hub 

3. Aerodynamic moment of the fuselage 

The relatively light model support springs that vere used gave suffi- 
cient pitch stiffness to provide  static stability < ven with the control 
gyro locked out. ,—<--=- 

The determination of the static rotor stability characteristics vere 
preceded: 

1. by selection of significant flight conditions and 

2. by the calculations of the stability derivatives. 

Application of the classical peifonaance method of References  U,   3,  and 
6    provide load factor versus velocity data for the blade stall bound- 
aries.    These data aided in selecting collective pitch, advance ratio, 
and Inflow ratio combinations for reference flight conditions with the 
retreating blade tip operating unstalled,  at incipient stall,  or in 
well-developed stall.    The NASA analysis,   "Aerodynamic Characteristics 
of Lifting Rotors",  as evolved from Heferences 7 and 8,   Is subsequently 
applied to obtain the stability derivatives. 

The derivation of the control gyro equilibrium equations,  showing 
effects of conpliance correction and elastic decoupling (matching)  of 
rotor blades,   Is given In Part A of this section.    These results  show 
that a free-feathertng gyro control can affect the rotor disc contrib- 
ution to the static stability of the helicopter.     It should oe noted 
that a rigid rotor without frsf-feathering capability and coiq?llance 
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correction or autonatlc  control will provide a  large  deBtabllltlng 
contribution to the  longitudinal stability of the  helicopter.     The 
remaining contributions  to  static longitudinal   stability will  result 
from  rotor thrust variation with angle  of attack   (with the   e.g.   aft of 
the  thrust axis),   rotor drag variation with angle  of attack   (with the 
rotor above  the  e.g.),  moment  contributions of  the  fuselage,  horizontal 
tall  forces producing body pitching oanents,  and  reaction forces  from 
the  support system  In the  case  of our model  (see  page  ♦5). 

The  analysis made  on a simple   flve-degree-of-freedan dec.ilptlon for the 
gyro-free ca«e  shoned that  the  model was  statically  stable   for the  con- 
figuration analyzed.    These   solutions, carried only to 100 miles  per hour, 
are  not presented  since more   significant  results  can be obtained 
directly from  the   test data. 

The  test result»  show that all  configurations  tested  In the   full-scale 
tunnel  tests with the  control gyro locked or free were  statically 
stable.     Since  the  spring  rate   iT the codel  support was known to be  U6U 
In-lb s/degree,   a measure  of  the  static  stability  of these configurations 
has been obtained. 

Transonic dynamics tunnel  tests were made with the gyro control  fnte with 
the  saae  support  spring  rate  of h6k  ln-lbs/degree  for C       durations A 
through L.    Model  support springs were  changed for Con.   juratlon M to 
larger values as  shown   In Figure 13,   page £5,   to  reduce observed response 
amplitudes of  the model.     While testing Configuration M at a simulated 
speed of 2kO miles  per hour,   the electrcnechanlcal actuator used to 
position the model pitching attitude parted,  thus leaving the model 
coarpletely free   in pitJi  (see  page 65).     The model began to pitch nose 
up very slowly, which subsequently led to failure  of  the model  support. 
This  test result  shows that this configuration was  slightly  statically 
unstable at this  speed  in the absence of sooe pitch stiffness fron the 
model support. 

In sumiary,  the  static  stability of the  test coaTigu rat ions was not a 
serious problem area.     It  is possible  to mechanically support the model 
with  limit «tops which unload the  rotor when contacted.    Such a support 
was utilized  In the TDT tests;   however,  warning  lights  indicated that 
the  stops had not contacted during the  test runs. 

Further examination of equation (27)   shows that the  feathering bearing 
friction term permits an equilibrium position for the  control gyro with 
an aerodynamic unbalance  on the  rotor disc.    The  magnitude  of this un- 
stable  contribution will be  determined by the  relative magnitudes  of  the 
conrpliance correction and the  feathering bearing friction. 

The  lainge magnitude  of the  oscillating pitch link  load (which  is primarily 
a steady gyro trim moment  in the non-rotating pait of the control system). 
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(j  DYNAMIC OTABILITY ANALYSIS,   HOVTyiyG 

In part A of this section,   the eiulllbrium eiuatlone for the control 
gyro were derived.    For the more con^lete description of the helicopter 
stability,  the equilibrium equations for the fuselage,  rotor disc, 
motions  In the rotor disc,  as veil as the control gyro have to be con- 
sidered.    For this purpose,  a lU-degree-of-freedoa stability system was 
prograaned on the IBM 7090 (Reference 2).    If It Is assumed that the 
fuselage  is rigid with its e.g.  located at the rotor center Uns.  the 
stability system can br  broV-on dorn into a h-derr^e-of-freedom collective 
set and a 10-degree-of-freedoni cyclic set of stability equations.    This 
assumption of an uncoupled collective - cyclic system was mads when 
investigating the dynamic stability in hovering of these model rotors. 
7%e collective set of equations includes effects of vertical translation 
of the fuselage, collective first elastic flapvlse bending (i.e., all 
blades move up or down simultaneously)    collective first elastic in- 
plane herding,  and vertical translation of the control gyro.    The cyclic 
set of equations includes effects of longitudinal a.id lateral transla- 
tions of thp  fucPla^e,  pitch and roll of the same,  pitch and roll of the 
control gyro,  pitch and roll of the rotor disc (i.e.,  cyclic first 
elastic flapvlse bending),  and longitudinal and  lateral displacements of 
the blades in the rotor disc (i.e.,  cyclic first elastic  in-plane bend- 
ing).    The coordinates and basic equations in matrix form of the lU- 
degree-of-freedom hovering stability program of Reference 2 are reported 
on pages 2ft -  11 

The collective set of equations seldom causes instability since,  in 
fsneral,  the stiffness in the collective feathering degree of freedom 
i.e.,   translation of the gyro)  is very large, hence,  preventing it from 

coupling with fuselage translation,    '"hsrefore,  only the cyclic stabil- 
ity problem has been investigated herein. 

The IBM program considers effects of large deflection on the mechanical 
terms,  whereas the aerodynamic  inputs are based on small angle strip- 
theory assumntions in hovering.    The parametric variations include hub 
stiffness, drag link stiffness, control gyro mass mament of Inertia, 
control gyro damping, blade sweep, load factor,  and rotor RPM.     Since 
the model in air or freon is scaled to the same full-scale vehicle, no 
distinction has to be made in the analysis for different test media. 
Furthermore,  since only the first mode flapvlse and in-plane >»^*^«e* 
are considered,  the effect of blade twist has not been investigated 
(i.e.,  twist merely msans a change of collective pitch to match the 
selected load factor). 

The basic data used in the analysis are presented in Reference 3*    For 
convenience,  the results of the analysis with connents are suonarized in 
Table 2.    As cam be seen from it,  the test configurations are stable for 
the entire test program except for the very low to marginally  damped 
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In-plane bending modes,  which essentially are  due  to  the exclusion of 
the  structural damping  involved  in the   in-plane bending modes and the 
undamped body  roll  response mode   in  the  hard hub,  hard drag  link, 
and low gyro  Inertia configuration.     The   latter configuration was not 
tested. 
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a.,   • 
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The   Equation  of Motion 

( Ii.  the   following equations,   tenns   jf   the  differential  eq-oation are   relnt^d  to   the 
basic  prnpertlee  of   the   rotor  systei;.  by a  systenatic   sequence   jf abbreviations) 

A.     The  Cyclic  .let   (10  Generalized Dlsplac^aents, 

[MJ x" r ■»■[c] r +   K ^r - Q 
*; 

A 
*; 

A ^ 
1     1 

♦; < ♦c 
• 

©c ©c ©c 

A* 
^ 

«. 

% 

«. 

*: »; k 
*3 

r." r^l r*. 

^3 
CO 

B.     The  Collr-ctlve   'Jet   (>♦  JeneraJ-lzed Displacenienta) 

N A* M [-J A -   19 

where 

C )'- it/' 

K=( (^^) 

t, 

y. = -jit 

2« -CT^) 
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*c 

Fl^urv- 7 Definition of Hon-KotAtlng Coordlnat«  System 
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Table 1.  Summary of Predicted Cyclic Hovering Stability ( 
for the Untwisted Metal Blade Air Tunnel Configv. 

Hub 

Control 
Blade     Gyro 

Drag Link   Sweep   Inertia 

Control 
Gfro 

Damping Load 
Stiffness   Stiffness   (Deg)  (Slug-FtM   (Ft-Lbs-Sec)   Factor 

Rotor 
RFM 

Hard Hard 1.5 0,050 1.160 Change 1055 

Hard Hard 1.5 0.005 1.160 Change 1055 

Hard Soft 1.5 0.0125 1.160 Change 1055 

Hard SC 1.5 o.oos 1.160 Change 1055 

Soft S 1.5 0.0125 1.160 Change 1055 

Soft Soft 6.58 0.0125 1.160 Change 1055 

Hard Soft 1.5 Change 1.160 1.0 i. ■ - " 

Hard Soft Change 0.0125 1.160 1.0 1055 

Hard Soft 1.5 0.0125 Change .0 10^5 

Hard 

Hard 

Hard 

Soft 

Soft 

Soft 

1.5 

1.5 

1.5 

0.0125 

0.0125 

0.0125 

1.160 

1.160 

1.160 

1.0 

Change 

Change 

* Spring rate of body support system was included in the analysis. 



* 
laracteristics of the Rotor Fuselage Free Body Combination 
•ation 

Remarks 

With the exception of marginally stable 0.28/rev and 2.37/rev inplane 
bending modes, the configuratior is stable. 

Body roll response mode is becoming unstable at high load factors.  Both 
high and low inplane bending modes are unst.ble.  Thi« configuration is 
not tested. 

The configui it ion is stable. 

The configuration is stable. 

Slightly unstable O.Ob/reV body pitch and O^Vrev inplane bending modes. 

A change in blade sweep to 6.58° stabilizes the body pitch modes but 
leaves the inplane bending node slightly unstable. 

The configuration is stable for either control gyro inertia, 0.005 or 
0.'200   slugs-ft2. 

The configuration .s stable for both 3° and 6° blade sweep.  Larger blade 
sweep makes the body mode stable. 

Zero damping configuration has a slightly unstable l.flb/rev inplane 
bending mode.  3 x nominal damping also makes the 0.17/rev body pitch 
mode slightly unstable. 

Analysis from 620 RPM to 1320 RPM shows no instability. 
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c.    nranuflcyrATioN 

The Inatnmftntatlon used in this program falls Into two basic categories. 

1.    Modal situation display instrumentation was necessary so that the 
■odel operators could monitor and set up the desired test condi- 
tioms.    In each tunnel, the flow conditions such as "q,", density, 
and temperature were taken from tunnel instrumentation.    Rotor 
RPM       was displayed on an electronic pulse counter fed by a sta- 
tionary magnetic pickup set close to a rotating multitooth gear 
on the model drive Jack shaft.    The mnfcer of teeth on the gear 
vas made such that ^0 pulses were generated per rotor revolution, 
and thus the counter read directly in RPM Model motor temper- 
atures were taken fron thermocouples built into the motors and 
printed out continuously on a Brown temperature recorder. 
Current, voltage, and cycles-per-second meters and the necessary 
controls for the current fed to the model motors were contain^ 
in a mode]  operstor's console which was part  jf the NASA-supplied 
variable-frequency power source. 

The following model forces and positions were displayed on stand- 
ard 2.75-inch aircraft autosvn indicators on the model operator's 
console (Figure 21): 

a. Rotor thrust - force parallel to the rotor stiaft. 

b. Model drag - aft force perpendicular to the rotor shaft. 

c. Model  pitch attitude - angle of the lit^rml base plate in 
the model with the tunnel horizontal center line.     This Is 
not the same as shaft angle to the vertical, as  it  is meas- 
ured below the soft spring system In the model which ailows 
limited pitching with respect to the base plate. 

d. Model collective pitch angle 

e. Model rolling moment 

f. Model pitching moment 

g. Gyro roll angle with respect to the rotor shaft 

h-    Gyro pitch angle with respect to the rotor shaft . 

Inputs to these indicators came from autosyn renerators mounted 
in the model as position pickups by use of a cable,  reel, and 
take-up spring.    Thrust, drag,and moment readouts are force as 
well as position readings because of the spring restraints to 
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vi.    WHD TUPHKL TEOTS 

Vlod tuoatl t«st« wvr« conducted on the ■odtl us log th» flb«rgla»« 
blAdat, tha o* tvist aluKlntai bladM, and th« -8* tvlst alvmlnua bladaa 
In a total of a«ran diffarant rotor dynaade configuration« In lora^ar 
and Daea^ar 19(6 la  tba Laoglay full Soale Tunnal of tha IASA. Thaaa 
tast« InrolTad apaada up to 106 alias par hour and load factors up to 
*Q.O.    Additional tast« war« conductad on tha tvo alualnua blada config- 
urations in Ifcy 1963 in tha langlay Transonic Dyoaalcs Tunnal (TOT) of 
th« IASA to spaads aa high «s 2a0 alias par hour (simulated in  standard 
air). 

A. TBff PROCdURB 

Tba taatiog proeadura uaad In this prograa Is totally dapandant on baring 
a rotor • ■odsl e<aMoatlon that Is stable in tba vind tunnal. Tha wind 
tunnal aodal tands to ba eoosidarably laaa stabla than tha aaas dynaade 
configuration would ba in fraa flight baoai < tha nodal has nalthar 
spaad, stability, nor tha damping due to axial valocity of tha rotor fron 
dlsturbaneas in fraa flight. 

Tha cyclic trla syataaa in tha nodal prorida only tha capability for tha 
oparator to trin oat undaairad ataady-stata nodal pitch and roll momxxf. 
Tha raaponaa of tha syataaa is not rapid anougb to allow tha oparator to 
"fly" «ran a oautml or "aaro" stability configuration. Stability of tha 
rotor-gyro nodal syatan ■uurt ba (and ana) poaitlre for any oonfigurations 
taatad. 

In rigid-rotor nodal tasting, it is dan#aroua to rotor intagrity to 
oparata out of tria with raspaet to pitch and roll noaants, aa tha rotor 
tans tha ability to gaaarata nueb graatar noaants «ban tha nodal ia 
auslast a pitch or roll "atop" than tha rotor could war ancountar in 
fraa fli^t. 

Dua to tha conaidarationa datallad abora, it is naeaaaary that oona of 
tha paranatara liatad balow ba «ariad aora rapidly f^an tbair r««p«ctlTs 
«ff«ct« on trin can ba onnoalad out by tha oparatorb pitch and roll trin 
systaaa. Thaaa paranatara in an approotimta ordar of tbair «ffact on 
trin ara: 

1. CO11«CX1T« pitch (»ary ssositiv« at high "q"). 

2. Modal attituda (fairly sansitlTS at high V). 

3- Rotor R~M (laaa of nodal powar at high V vlth resulting 
suddan dacalaratioo in RPM can ba dUmstrous, as tha trin 
control powar dacraaaa« Just «han it is aoat naadad). 
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*♦.    Tunnel velocity - except In the low-epeed txmnsltlon region. 
The eensltirity to changes in tunnel "q" we.« very low. 

Control o'' the model was exercised by one or tvo "model operators" in 
addition to one man who controlled the model motor settings and mon- 
i to^ed rotor TM, and another person who controlled the wind tunnel 
"q".   The "model ooerator" controlled the model pitchmp attitude, 
collective oitch,  and model oitch and roll trim in addition to moni- 
toring thrust, drar, and pyro pitch and roll attitudes.    The 
operational procedure was as follows: 

1. Bring the rotor up to operating speed. 

2. Bring the tunnel up to the desired speed. 

3. Adjust the aodel attitu*« and collective pitch to give the thrust 
and drag desired (noraally 1 "g" lift and zero drag). 

U.    Nike a final adjustoent of roll and pitch tria to tero. 

5.    Record the 1 "g" data fro» the balance and the aodel 
ins truaentat 1 on. 

6.    Without changing collective pitch, decrease aodel attitude until 
lift is .5 "g", drag Is not tero, and tria pitch and roll are 
tero.    Record the .5 "g" data. 

7. Again without changing collective pitch, increase the 
attitude until lift is 1.3 V and record the data. 

8. Repeat for 2.0 "g";  then repeat steps 2. through 7« for the next 
higher tunnel speed. 

At each data point recorded in the ?3T, oscillograph data records were 
taken with the gyro both locked and unlocked.    Since locking appeared to 
aake no appreciable difference in the data, only gyro-unlocked data were 
taken in the TOT. 

The trisaed gyro-locked condition is equivalent to a conventional swaah- 
plat«, which suggests that this reported data is applicable to a non- 
gyro-controlled rigid-rotor helicopter.    When exsaining helicopter char- 
acteristics which involve deforaatien of the rotor syste», this conclu- 
sion appears to be valid. 

However, the aodel was tested while being supported through * systea of 
springs which allowed only lialted travel of the fueelags rigid body 
degrees of freedoa.    These restrictions and the fact that Froude nafeer 
was not «etched by the present scaling do not allow a coe^arison of 
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frt«-fllght vehicle eharacterlatlci to be made between the «wMhplet« 
and gyro-controlled helicopter from these test results.    Section V 
discusses the aodel properties and •laailatlc-. 
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B.    TEST WE3ULTS AND DISCUSSION 

The  rotor configurations tested are outlined in Table 3.    The data 
obtained are tabulated in Tables 11 through 22.     Instruaentatloo sensi- 
tiritles (or calibration factors) are given  in Tablet 3 through 10. 

Tables 11 through 22 are reported as the appendix of this report.    A 
omplete index of this appendix is given in Table 4.    Because it was 

difficult to predict at the start of the prograo exactly what seasure» 
■ents would be aost valuable, a great deal of information vas collected 
vhich on subsequent exaaination did not appear to be of sufficient  Inter- 
est to Justify detailed exaaination at this tiae.    The pitch link loads 
vhich measure blade feathering torque, drag link loads vhich aeasure 
blade chordvise loading, and model body vibration as measured by velocity 
or acceleration pickups appeared, upon examination of the oscillograph 
records, to be the aost interesting results and are  reduced and presented 
'n detail.    The rest of the data is  included  in Tables 11 through 22, 
along vlth all the  information needed by the  reader to reduce and examine 
any data in vhich he may be  interested.    Vhen not otbcrvise  indicated, 
rotor Configurations A through B are operating at the ncninal speed of 
1055 RFN.    Similarly,  rotor Configurations J through M are operating at 
the nominal speed of 576 KIK.     In all cases vbere V    or V      is not 
shovn, the speed is appraxiaately zero. ^ 

peak to peak 
Vibration results are reported as 2 , and no further attempt 
is made to determine harmonic content of the oscillograph records for the 
follovlng reasons:    (1)    velocity and acceleration pickups of very vide 
frequency range vert used, and consequently a great deal of high- 
frequency vibration    ("hash") vas recorded;     (2)    this "hash"  shears  strong 
first harmonic content of the rotational speed of the synchronous motors; 
and    (3)    the vibration levels recorded vere aggravated by the proximity 
of the second flap bending frequency of the blades to 3r. 

As a result of the above coos ide rat ions, the vibration data offer a basis 
for ccmrparison of relative merits of configurations rather than supplying 
actual vibration levels. 

FULL SCALE TUHHEL AMD TRAÄSOKIC DYIMMICS TUNHEL DATA 

ihe presentation of reduced data, obtained froa aeasured data of the 
appendix,  is found in Figures 2k through 92. 

In order that data may be presented more reliably vith respect to load 
factors, cross plots of data versus model attitude vere made  (Figures 35 
through kk and 6l through 69), and values of data at desired load factors 
vere determined through faired curves dravn through rav data. 
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Drag llrvk and pitch link  loads versufl model velocity for various load 
factors are Riven for Configurations A  through H  In Figures 2U through  3^ 
Although these oscillating loads vere principally  first haraonlc, the 
pea      o pea      va^gg y^y^ been plotted vilch represent the  total oscil- 
lating loads. 

Steady-state thrust and peak-to-peak oscillating loads are plotted versus 
model attitude for Configurations A  through K In Figures  35  through W*. 
The test procedure which yields these results  Is described or      • 
of this report. 

peak to peak 
Comparative plots of drag link and pitch link    * ^— load data 
for seven rotor configurations are presented in Figures U5  through SI. 
Flffures 1*5 through U9 present plcts of these loads versus irodel veloc- 
ities up to lO   miles per hour, while Figures 5C and 51 present plots of 
these loads versus load factor at 10'' miles per hour.    Drag link loads 
appear to be  independent of gyro Inertia (Figure U7), blade  sweep^and hub 
flap stiffness  (Figure kg)  in the 50 to 10*' mlles-per-hcir model velocity 
range.    The highest drag link load  is exhibited by Configuration A, 
while,   in comparison, Configuration B exhibits 70 per cent,   Configurations 
C and D exhibit  30 per cent, and Configuration E exhibits 10 per cent  ^.n 
the 50 to 10*' miles-per-hour range. 

Drag link  loads vary linearly with load factor and are approxiamtely zero 
at zero load factor.    Figure 33 reports TDT drag link load data where 
good correlation with FGT data Is observed. 

Pitch link  load« appear to be independent of blade sweep and hub flap 
stiffness  (Figure Ug) and drag link stiffness (Figure U-').     With the 
exception of the fiberglass blade, which showed higher loads at 25 miles 
per hour, all the configurationß show very close to the same pitch link 
loads at r5 miles per hour and are within jl5 per cent at 10'' miles per 
hour (Figures U5,  kj, and W).    Approxinmte linear variation of pitch 
link  loads vlth  load factors  is exhibited In Figures 50 and  51. 

Pitch  link load data for Configurations  L and M in the TDT were reduced 
using the calibration of 7 ^y,   since  the  13 Nfey calibration appears to 
be in error.    To account for the difference in blade ©TO ratios between 
TDT and FST data,   the TDT pitch link   loads were multiplied b.   1.23 
'Figure  33).     ^ood correlation with FST data is al»o shown for pitch link 
load data  in this figure. 

Lateral vibration levels were highest  in Configurations A,   E,  and G 
(Figures 52,  5",  and 5B,   respectively).     Comparison of the lateral vibra- 
tion levels at  10^ miles per hour of all  configurations indicates lowest 
levels were attained by twisted metal blades with soft drag  links. 
Except for Configuration D,  Figures 75 and If indicate Increase of 
lateral vibration levels with Increasing load factors at I06 miles per 



hour.    TDT vibration readings  Indicated that lateral vibration levels are 
nc higher than hovering levels up to lUO miles per hour. 

.peak to peak, 
Longitudinal vibration {* J--* )    readings fell between .01 and  .02 
fps In the FST tests except for Configurations E and F.    Configuration E 
indicated higher levels at all mclel speeds, while Configuration F Indi- 
cated increanlng levels with Increasing nodel velocity.    Figures 75 and 
7^» Indicate no appreciable change of longitudinal vibrations with 
Increasing load factor except for Configuration E, which Indicated 
Increasing levels.     In the TDT,   longitudinal vibrations did not change 
froo hovering values up to velocities of 1^0 miles per hour. 

.peak to peak. 
Vertical vibrations were between    (*——-—• ) values of  .01 and  .02 
fps for all configurations except E and rj, which were 50 per cent higher. 
Rotor configurations and load factors did not affect vertical vibration 
levels (Figures 75 and 70. 

Model support springs were changed for Configuration M to larger values 
as shown  In Figure 13,  to reduce observed response aaqplltudes of the 
model. 

In order to obtain data for a compound helicopter,  the model was tested 
at  0.5g In the TDT at high speeds  (Figure 33).    The highest slmilated 
speed achieved was ?Uo miles per hour.    These tests were terminated 
because of model mount failure.    The model has now been repaired and a 
follow-on study Is  In progress. 

C       TE3T INCIDENTS A:D FAILURES 

During the wind tunnel testing,  four Incidents occurred which caused 
varying degrees of daamge to the model. 

1.    Fltch-up Incident - While i annlng Configuration A at 10*   miles per 
ho-ir with the attitude nose up to obtain 2.5  "g",  the model pitched nose 
up against the pitching moment stop.    This created about 2.8 or more  "g" 
and ver.   lanre nose-up rjument on the rotor.    The high flap bending loads 
on the hub at this Combination of high load factor and hifjn rotor moment 
ca-jsed the doubler plates which provide part of the hub flapping stiff- 
ness to yield.    This reduction  In  stiffness resulted In a decrease  In 
corapllarce correction    (Ko/SX) and therefore a considerable decrease In 
the static  stability of the model.    This Instability In pitch caused U,e 
jaodel to nose up until the body contacted the pitching stop, whereupon 
the rotor tip path plane continued to oitch up until the blade tips 
struck the tall cone.    A contributing factor to this incident was the 
failure of the autosyn generator which tran««lttad model pitching moa nt 
to the operator's conaole.    The raault of this failure was that the 
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pitching moment  Indicator continued *o show near-zero pitching moment 
while the model was actually  pitching nose up.    This Incident emphasizes 
the Importance of maintaining pitch and roll trim of the model and thus 
the dependence of this type of testing on the morasnt readout system. 
After this occarence s second, adjustable,  nose-up stop was  Installed in 
the model with a warning light to show  If the model was near or on the 
stop.    This provided a redundant indication of gross pitching raonent. 
The location of the new stop was well  forward of the center of lift of 
the roto~.    Thus, when the model pitches up and rontacta tm» stop,  the 
Inrrease  in thrust that accompanies the Increased angle of attack will 
rotate the model nose down about the pitch stop. 

Damage in this  Incident,   shown In Figure 22, was confined to the tail 
cone, blade tips, and the removable doubler plates used to vary- hub flap- 
ping stiffness.    The hub  Itself was not damaged. 

Z.    Glass Blade Failure - After all of the basic fiberglass blade Conflg- 
uratlon E tests were completed, an attempt was made to use these blades 
for the  "soft hub" configuration tests.     Shortly after the  tunnel was 
started,  the ^3 blade failed at Station 22 and separated from the model. 
The cause of this failure was poor design of the blade in that a large 
change in chordwlse stiffness and,  therefore, a stress concentration 
existed at the point of failure.    This weakness was aggravated by opera- 
tion for sereral minutes at the blade first chord natural frequency while 
in the process of determining blade frequencies.    The fiberglass  "D" spar 
failed progressively toward the leading ed^e starting at the forward end 
of the first inh aard trailing edge slot.    This threw the chon* load into 
the steel  "I" spar, which was never Intended to be able to carry an appr» 
clable chord load.    The  "I" spar fatigue failed  In bending and departed 
radially,  shredding the fiberglass  "D"  spar and trailing edge as  it left. 
The blade stub  is shown in Figure 23«     The resulting 5000-pound rotating 
unbalance resulted in considerable minor damage to the body shell and 
Instrumentation as well as bending one  spindle of the hub.     The hub was 
straightened,  magnafluxed and uced through the remainder of the program. 

3.    Model Power Loss - While Configuration K was being run in the TDT at 
"4" of hO p.s.f.   in a 1.0 "g" drag triamed (nose down) condition,  the 
power supply to the rotor drive motors failed.    The rotor decelerated to 
less than one-half noraal RPM        almost instantly.    The model pitched 
nose down and rolled left bard against the stop.    Tunnel  " 1" was cut, the 
model collective pitch was reduced and the model was nosed up in attitude. 
However,  the mode}  was badly out of trim In roll; and as the rotor con- 
tinued to slow down, the upper surface of the *3 blade buckled due to 
excessive up-bending loads between Station 19 and Station 25.    This 
Incident emphasizes the danger inherent in any sudden change which 
affects pitch and roll trim beyond the capability of the operator to 
retrim.    No other damage was found as a result of this incident. 
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TPACI   1 ?EBO C/^UBRATION 
ITEM                  I NO. (INCHES) FACTOR 

#1 - Drag Link            1 7 4«. 2»6 lbe/ln      1 
•2 - Drag Unk 8         1 3.71 367 lbe/lr. 
•3 - Dr«f Unk 9         1 3 42        ; 286 lbe/ln      1 
• \ - Inhd   Flap           ä 10 - - 
•2 - Inhd    Flap 11 2 85 054 in-lhe/lnl 
•3 - Intwl    Flap 12 2 55 921 ln-lbe/ln| 
»I - Pitch Link 13 2 22 -134 lbe/ln      1 
•2 - Pilch Unk 14 1 »3 -140 lbe/ln 
•3 - Pitch Unk 15 
♦ I - Mid Chord 20 4 48 2.000 m-lhe/ln 

1 #1     Mid Flap 22 3 87 334 lB-lbe/ln 
•1 - Mid 

1         Tontoa 24 3 30 -1.310 ln-lbe/lo 
• 1 - Outbd. Flap 

i           ^ j           2.73 144 In Ibe/le] 

Model Attitude 27 2.41 deg/in 
Collective Pitch 1          2» I.to deg/lB 
♦1 - Cyclic Pitch It 1            l <* det/ln 
#2 - Cyclic Pitch 17 0 77 deg/la 
•3 - Cyclic Pitch It t.40 dec/in      | 

IGvro Roll Poe. It 4.tt dec/In      ] 
jGyro Pitch Poe. 11 !          4 tt |          deg/ln 

Thrust U t.tl lbe/ln      I 
Drm^ !         21 '           lit M Ibe/in 
Roll Moaeat S3 3 tt |          tao 1          ie-lbe/ln 

| Pitch Uammt |         U l          S-M {                4t0 |          le-lbe/le | 

Let   Vlbratloe tt 0. ITl fpe/.a 
Long  VlbntlM M 0.114 tpm/in 
Vert. VlbntU» 1         ** O.ttT tpm/l» 

NOTE:   PITCH UNK - INBOARD TORSON 

[ SON CONVENTION 

PITCH UNK:  TENSION IS POSTTTVE DRAG UNK ft 
FLAPWISC BENDING.   COMPRESBION UPPER SURFACE D POI HTIVE                  | 
CHORDWBE BENDING:   COMPRESBION L.  E. B POSITIVE 
TORSION:   NOSE UP ACTION LOAD 18 POSITIVE 
ALL NOSE UP PITCH ANGLES ARE POSITIVE 

1              ALL RIGHT «.IDE DOWN ROLL ANGLES ARE POSITIVE 

TABLE   5      CALIBRATION   FACTORS    FOR   M£ASURLA4£NT 
OF   DYNAMIC   LOADS   -  CONFIGURATION  A 

TEST  DATES:     NOV.  30,   1962 - DEC. 4,   1962 

IM 







THATE ZERO CALIBRATION               1 
1      ITEM NO. (INCHES) FACTOF 

I     H  . DRAO LDK 6 91 LBS/IN.         ! 
#2 - DRAG LOK 7 121 LBS/IN. 
n - DRAO LMC 8 _ 
#1  -  UBQARD riAP 13 . 
f2 -   IHBOARD FLAP U» 1110 IN-LB3, DI. 
*.'} -  1JIBQARD FIAP 15 lOCTJ IN-LBS/Ül. 
#1  - PITCH LDK 16 1»»6 IM.  1».          j 
#2 - PITCH LDOC 17 l^ LBS/IN. 
#3  - POCH LDOC 18 . 
#1 - MID6PAJI CHORD 20 16U.J IN-LB3, lit. 
^1  - MIDSPAH FLAP 22 . 
#1 - MIDSPAH TORS. 2U 1500 JN-LBS  IN. 
**1  - OUTBQAW) »'.AP 26 184 

Ik 

fil-LBS/IN. 

CEO/IN. HODEL ATTITUIE 27 2.31»« 
COLL.   PITCH 29 11.1 wa, IN. 
#1 - CrCLE PITCH ID lo.7 DEO,IN. 
#2 - CTCLE   PITCH U 12.3 DM/IN. 
#3 - CTCLK PITCH 12 U.3 LEO/IN. 
OTHO ROLL 19 10.0 EEG/IN. 
OTTC PDCH 21 !       13.0 

385 

DEC/IN.          j 

THRUST 33 .U5« LBS/IN. 
DRAO 31 !      156 LBS/IN.          | 
HOLL Hoicirr 23 1      »»17 DULBS   -J«.    | 
PITCH *mm 25 |      380 DI-LBS/IN. 

\     LAT.  VIBRATIOH 28 .171 FPS/n.       j 
LONQ.  VIBRATIOi 30 .Ilk FPS/IN. 
VERT.   VIBRATIO« 32 .057 FPS/IN.          | 

•      FDR UHLlAItn) HOTOR 4         -3°,  2.36 FOR SOTT HUB 

••    FOR UHLQAEED ROTOR,   0.67 FOR        -3°, AMD 0.68 FOR SOTT HUB 

NOTE:    PITCH LDK   -  DOOARD TORSION 

3TON CONVENTIOH 

DRAO LDr< &  PITCH LDT:    TENSION  IS POSITIVE 
|                         FIAFVISE BENDIRO:    CQKPiCSSION UPPER SUHFAO:   13 POSITIVE 

!                          CHORDWISE HEÄDINC:    COMP^^ION L.E.   13  IOSITIVV 

TORSIWI:     N03E UP ACTION LOAD IS  POSITIVS 
ALL NOffli: UP PITCH ANGLES AHE  POSITIVE 
ALL RIGS" SIDE DOWN ROLL ANCLES ArC  POSITIV" 

TAB12 3    CALIBRATION FACTORS FOR MEASUftXEffT OF 
DlTiAMIC  LOADÖ  - crDrJFIOURATmin F,  0,   AND B 
TEJT DATES:     DEC.   19,   1962  - KC.   20,   1^2 
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TABU 11.9 CJNFlJUHATION A 

#1793 1 i 
n - .5 

Vrt -  106 STH          j 

OSCILLOGRAPH IKOtD         \ IEDUCEO DATA                     i 

(TEM             | 
Tl CYC 

INO. MAX MIN AVE 2A 1      AV1 
2A UNITS «V.    | 

#1 - Dn« Link 
1   f2 - Dr«« Link 

7 3.76 ).?6 ).51 0.50 -lov 1ÜÖ lb 
1    8 3.07 2.67 2.87 O.UO 1     -»« li.7 lb 

#3 - Di«« Link 9 3.U3 2.78 ).ll 0.65 i     - 89 186 lb 

1 #1 - Inbd. ri*p 10 
f2 - lob 5. FUp 11 3.22 2.61« ?.93 0.58 !         76 553 in-lb 
#3 - Inbd. Flnp 12 2.69 2.25 2.l»7 u.Ut |      * 1U Ii05 In-lb 

#1 . Plteb Link 1 13 2.9fl 7 5U 2.76 O.U j      - 72 -59 lb 
#2 - Pitch Link 1 "» 3.92 3.62 3.77 0.30 -258 -U lb 
#3 - PUch Link 15 i.ie 0.53 0.86 0.65 

i 
|             "o rAllbn ition 

#1 - Nid Chord 20 u.u 3.96 U.05 0.18 -860 360 in-lb 
#1 - Mid fUp 22 U.53 3.73 U.13 0.80 87 267 in-lb 
#1 - MKl TonloB 2U 3.» 3.20 3.32 0.07 - 26 -92 in-lb 
#1 - Outbd. Plnp 26 luOk 2.«3 3.Ut 1.21 109 17k in-lb 

1 Modal Attltute 27 I.U7 1.U7 1.47 0 -12.6 0 «•C 
CollnetlY« Pitch 29 2.23 2.22 2.23 0.01 7.8 0.12 teg 
#1 - Cyclic Pitch 16 1.61 1.3S 1.U8 0.26 U.l 2.8 teg 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

17 1.26 i.oe 1.17 0.18 1      5.0 2.3 tef 
18 1.11 0.79 0.95 0.32 j      6.5 3.8 tec 

1   Oyro Roll Po«. 19 U.81 it. 78 b.ao 0.03 -0.5 0.3 tec 
1   djrro Pitch fo». 21 3.9i. 3.92 3.93 0.02 -2.3 0.2 Mg 

j    Thrust 3) 1.03 1.01 1.02 0.02 1^6 8 lb 
1    Dr*« ^ 1.12 1.12 1.12 0 *   5 0 lb 
1    Roll McMot ?3 3.55 3.51 3.53 O.Oli - 36 21 in-lb 
1    Pitch Manrat 

'5 3.27 3.23 3.25 o.oa 115 18 In-lb 

Ut.  Vibrttlar 28 2.30 I.y7 2.U« 0.)) i     0.366 0.056 fp« 
1  Loo^. Vlbmtiaa 30 1.71 1.32 1.52 0.)9 |      0.17) o.oy» fp. 

vert, vibmtioo 32 1.11 0.52 0.82 0.59   | o.ou 0.0)1 fp. 
I- | i 1 
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TABU 11.10 COMTUtJUTIOM A 

117914 
n -  1.U6 

TM - 106 NW        | 

OSCILLOGKAPH lECOtO REDUCED DATA                   | 

ITEM 
rt. CYC 
No. MAX MIN AVI 2A AVE 2A UNITS l£V. 

#1 - Di«« Link     I 
h - Dn« Link     j 

j    7 U.17 2.70 3.U> 1.1*7 169 1*35 lb 
!  a 3.)7 2.16 2.n 1.21 -3U5 l*i*k lb 

#3 - Dm« Llak    | 9 3.77 2.32 3.05 I.US -106 1*15 lb 

#1 . labd. ritp 
f2 - Inbd. rup 

10 
u 3.26 3.17 3.22 0.09 353 86 U-lb 

#3 - Zabd. t\M9 12 2.95 2.55 2.70 0.30 136 276 U-lk 

41 - Pitch Llak ^ 2.6k 2.t4 2.65 0.36 - 5* -51 lb 
fe - Pitch UA Ut 3.93 3.55 3.7U 0.36 -253 -53 lb 
h ' Pitch UA 15 1.33 O.J» 0.66 0.91, U Mllbn ItlM 

#1 - Mlü Cbord 10 k.n 3.65 3.93 0.56 •1100 1110 U-lk 

n 
#1 - Nid fUj>        1 W u.so 3.70 «i.2$ 1.10 127 367 U-lb 
#1 • Mld Tonloa 2U 3.39 3.27 3.33 0.12 - 39 -157 l»-lb 
#1 • Ovtbd. FlJM» 26 i.% 2.26 3.06 1.56 |        1*6 225 U-lb 1 

Model Attltute " 2.30 2.30 2.30 0 -1.5 0 <•• 
ColUetlT« Pitch 29 2.21 2.21 2.21 o 7.6 0 *H ii 
#1 - Cyclic Fitch 16 1.8« 1.15 1.52 0.73 lt.6 7;7 *H 11 
to • cyclic Pitch 17 l.h3 1.03 1.23 o.bo 5.6 5.0 *n II 
#3 - Cyclic Pitch la 1.20 0.6$ 0,91 0.63 |      6.6 7.U <H I 

Oyro Roll to*. 19 u.ai U.79 U.JO 0.02 -o.$ 0.2 *H 
djrro Pitch fo%. 21 3.7S 3.71 3.73 0.01» -4.1 0.1* «H l 
Thru«t 33 1.79 1.78 1.79 0.01 k56 k lb 

1 
Dr*« 31 1.52 1.51 1.52 0.01 *1 1 U II 
RoU Mowmt 23 3.5Ö 3.57 3.56 0.01   1 - 10 5 U-lb N 
Pitch  MOBWlt            ! 25 2.97 2.93 2.95 o.au - 23 IS la-lb 

Ut. Vlfcrmtlon 20 ?.26 1.79 2.03 0.U7 0.3U7 0.060 rp« 11 
Loo«. Vlbivtlao 30 1.56 1.22 1.U0 0.36 0.160 0.QU1 fj>i 
Vert. Vibration    1 32 1.21 0.U7 O.8J1 0.7U    | 0.0*8 0.048 rp»   | 
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rau   i?.3    "ownmuTiJ« B 

I 
n- .71. OSCILLOGIAPH KECOtO j            tEOUCEO DATA 

ITEM 1 
n. CYC 
No. MAX MIN AVI 2A AV! 2A UNITS MV.   1 

i\ . Sm« link 
f2 - Dm« link. 7 3-30 2.»5 3.06 0.k5 -305 159 lb 1 

!   h • Drv Llah     | 9 k.21 3-73 3.97 o.k6 80 Ik? lb 1    1 

j   #1 . Inbi. TlAi 
j   f? - Inbi. FUp Ik 2.k* 2.05 2.25 0.39 1    357 386 ID-lb 1    1 
j   #3 - Inb.1. rUp 15 2.17 1.63 1.90 0.5* i    ?55 5?9 In-lb 1 

#1 . Pitch Link 16 0.76 0.^ 0.69 c   Ik - 81 18 lb lAk 
fi - Pitch Link " 
#3 - Pitch Link IS 0.70 0.60 0.6' 0.10 - 16 1^ lb 1 

1  #1  - Mld Cbonl 20 3.63 3.^7 3.55 0.16 -1566 ?02 la-lb 

1 
1    11 

1 #1 - Mld FUp » ■o iM wt 
1 #1 - Mld Tor«lao ^ 3.31 1       ^5 lu-lb 

#1  -  OutbJ.  FlAp 26 1.07 0.Ä 0.66 0.k3 - 33« 82 la-lb 

J 
1 Model Attlttid« 27 115 -16.9 •^ 

1 
ColUrtlY« Pitch «' 2.19 7.0 *•€ 
#1 - Cyclic Pitch 10 3.66 3.^5 3.56 0.21 7.5 2.k «•• 1     1 
#2 - Cyclic Pitch 11 3.2« 3.06 3.17 0.22 6.2 2.6 «H i     i 
#3 - Cyclic Pitch I* 893 2.T« 2.65 0.17 6.3 2.1 «•c 1    1 

Oyro Boll Po«.     1 19 k.66 - o.k «H 1 
Oyro Pitch fo%. 21 k.00 - 1.1 «H 

I    Thruct " 1.22 23k lb 
D,m« W 1.19 1 lb 
Roll MaMnt 23 k.12 lk7 U-lb 

i   Pitch Mont        | n 3.13 6k la-lb 

Ut. vibmtloB     ' »« 8.15 1.9k 0.21 0.096 tv   1 
Lao«. Vibration » 1.65 l.3k 0.21 o.oek tm 3     I 
Vtrt. VfitrntloB 32 l.OT 0.71 

i           i 

0.36 | 
i 

c.oei m 

US 







'ABU  1.   6 "YTUFTOUBATinn p 

V so« 

'i-yu 
OSCILLOGRAPH IECOÄD 1             REDUCED DATA 

n 
\11M 

1 T«. CYC 
No. 

| 

MAX MIN AVE 2A AVE 2A UNITS :   REV, 

7 3-^ j   ■'* 3.?<J 0.30 - :30 icy- u l 
I   #3 - Dm« Link 8 ti.00 ■ 'S 3.8». 0.3^ k\ 94 lb i 

#1 - Ihbi. Flap 
#2 - InbJ. FUp Ik ?.«i5 i.0\ : n o.w. 337 M' In-lb i 
#3 - InbJ. FUp 15 ?.ll 1.71 1.91 0.40 26? 39r in-ib i 

1 
i   #1 - Pltrh Link If 0.83 0.70 0.77 0.13 j   -    70 17 lb 4 

#2 - Pitch Link lT 
#3 - Pitch Llak 18 1.5^ l.kk l.UQ 0.10 116 It lb 4 

1  #1 - Kid Chord •0 3>r 3-56 3.'^ 0.11 | -1U»3 104 In-lb 1 
1  #1 - Mid FUp » ■o Ra< ord 
1 #1 - Mid Tor«lan \?k 3-33 »15 in-lb 

#1 - C>utbi. Fl»p \ifi i.rr 1.35 1.5' T.I»? - .05 80 In-lb 1*3 

Model Attitude 27 1.1U -     17 d«« 

1 

Collectlv« Pitch 29 2.11 !    '-o 4tg 
#1 • Cyclic Pitch 10 33* 3.» 3.?" O.li | I..3 1.4 d«g 1 
fO - Cyclic Pitch 11 3.1«» ?.99 3.07 0.15 5.1 1.7 <!•« l 
#3 - Cyclic Pitch 12 2.80 ?.66 ?.73 O.lU U.9 1.7 4M 1 

!    Oyro Roll Po«. 19 1..71 -   0.1 !•« 
Oyro Pitch Po«. 21 U.03 -   0." a«« 

■    Thru»t " 1.00 IW 
1 

ib 
Drtw 31 i.; i 2 lb 
Roll Monenl 23 3 77 55 In-lb 
Pitch Monenl 25 3.05 36 in-lb 

Ut, Vlbrmtlcm      I 26 2.16 1.^ 

1 
1 

0.22 | 

1 
o.03q fp. 

!»n«. Vlbrmtlon    j 30 1.60 1.35 0.25 O.K'9 rp* 1 
Vert.  Vlbrmtloo    \ 32 i.oe 0.70 0.3. i '"i.Ol^ fpt  i 

J i             i i                i ^ 
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MBU 13-2 CQVKMUnoi c 

a - i.r 

Tg- 0 OT 

#20« 
OSCILLOGtAPH IKOtD IEOUCEO DATA | 

Tl. 
No. MAX MIN AVI 2A AVE 2A UNITS 

CYC 
MV. 

ITEM 

#1 - Dm« Link 
2 . Dm« Link 

#3 - Dm« Link 

6 
7 

2.55 
1.80 

2.42 
1.70 

a.49 
in 

0.13 
0.10 

  

- 188 
- ?45 

14 
11 

lb 
lb 

#1 . labd. riap 
f2 - labd. flap 
#3 - labd. flap 

Ik 
15 

2.39 
1.85 

2.31 
1.74 i& 0.06 

0.11 
455 
157 

79 
106 

la-lb 
la-lb 

1 
1 

#1 - Pitch Link 
1 <i - Pitch Link 
#3 - Pitch Link 

16 
17 
18 

0.40 

1.32 

0.30 

1.20 

0.35 

1.26 

0.10 

0.12 

125 

80 

13 

19 

lb 

lb 

4 

1*4 

#1 - Mid Cbj>rd 
#1 - Mid flap 
#1 - Mid Ton Ion 
#1 - Outbd. Flap 

80 
as 
2* 
26 

3 61 

1.36 

3 48 

1.13 

3.55 

3.26 
1.25 

0.13 

0.2, 

-1566 

- 60 
- 264 

229 

44 

la-lb 

la-lb 
la-lb 

1 

3 

Mndal Attitude 
CollaetlT« Pitch 
#1 - Cyclic fitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

27 
29 
10 
11 
12 

3 18 
2.^ 

3 15 
2.88 

? 39 
2 51 
3 50 
3.17 
2.85 

0.03 
0.09 

- 0.3 
10.6 
6.88 
6.3 
6.0 

0.3 
0.6 

teg 
«M 
tec 
tec 
tec 

1 
1 

(Jyro Roll Poa. 
dyro Pitch Poa. 

19 
21 ^.19 4.16 

k.&r 
4.18 0.03 

1.5 
0.5 0.3 

tec 
tec 2 

Thruit 
Dm« 
Roll Maant 
Fitch Mcsnant 

33 
31 
23 

1.72 
1.24 
3 39 

4?9 
5 

45 

lb 
lb 

In-lb 

Ut. Vlbmtloc 
Loo«« Vlbmtlan 
Vtrt. Vlbmtlan 

28 
30 
32 

2.25 
1.58 
0.99 

1.94 
1.36 
3.70 

1 

0.31 
0.22 
0.29 

1 

0.053 
0.025 
0.016 

fpa 
3 
3 
3 

. 
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tau 13.10 emummm c 

ITtM 

OKIUOOtAMi MCOID irnxmoMA 

■    -    .99                       1 

11. 
«« MiN AVI 1A AVI u UMTS 

CYC 
«v. 

eommm        1 

{1 . Di«« ttek 
IB • Dmf LI* 
#3 - DngLtak 

6 
7 

5.5 t.69 
t.U 

3.00 
t.93 

042 
042 :!S 68 

91 Ik 
1 

I     1 ■» fM «t*   v 3M* 

fl . M4. flav 
to . UM. n* 
h - MM- n* 19 

141 
UM 

1.» 
141 

f.07 
1.7% 

0.f9 
O.t) 

17« 
98 s 1*.U 

to>lk 
1 
1 

mm fU» •«♦ » 186° 
■HI n«t «t ♦ » SM0 

#1 - TtUk hiak 
» • PlUk UaH 
h - ft*«* u* 

\* 

3 
0.« 

X.S9 

0.J7 

1.0) 

0.T7 

1.1S 

0.59 

O.J0 

-79 

60 

9f 

k7 

Ik 

Ik 

1 * * Nu M «t ♦    T   73° 

■u M St ♦     V   tf* 

#1 - MM CteH 
\ h -rnunm 
\  h -mu towmttm 
h - O««M. n«» 

0 

■ 
* 
* 

s.» 
•4C 9.06 040 

0.07 
04t 

-»91 
0 

-19t 

*0 

136 

l^lk 
l^lk 
to>lk 

1» 9 

Ik 3 

•u ru» «t« «is** 

Nut rUf.ct ♦ V 306°          ) 

Motel AttltMte 
coiuctif« nut 
#i . cydie rtv* 
to . cyeitc nt* 
#3 . Cyai« H««k 

Mi I.TT 
1.30 
1.19 

3.09 
t.79 
».90 

04k 
049 
0.70 

p.t 
l.t 
t.l 

7.9 
S.O 
8.9 

«2 

— 

1 
1 
1 

■M -«.•* *   '   3M* 

ajrro Roll Pa*. 
Obrro PlUk PM. 

k4k 
941 

l.t 
-t.T 

*• 

TkTMTt 
DIM 
Roll mmmt 
PltekNaMM 1 1.99 

1.10 
3.00 
34* 

900 
4 

•1»7 
n9 

ik 
ik 

te.lk 
te.lk 

Lat. VtbftUaa 
lam» vibratUa 
»•rt. Vtkratli» jS> 

t4» 
141 
1.10 

146 
1^3 
0.33 

O.sk 
o.t) 
0.37 

i , 

O.038 
o.m 
O.OJt 

1*1 



TAW* 13.11 rOMPKWRATI m c 

1                1 1 12056 1 

1            ITtM            1 

1       OSCILLOGRAPH RECOtO REDUCED DATA 
H 

TR. 
No. MAX MIN AVE 2A j     AVE 2A UNITS 

CYC 

ftEV' 
n    *     .10»           { 

1    VM    -    106 NPH 1 
1   #1 - tirar. Link 6 3.ofl 2.85 2.97 0.23 " ^ 25 lb 1 
1   §2 - Dm;- Link 7 2.70 2.l»5 2.58 0.25 - 152 38 lb 1 
1   #3 - nr%r. Link 

#1 - Inbl. Flap 
1   #3 - Inbl. FUp 11» 2.12 1.72 1.^2 0.1»0 |        30 396 in-lb 1      I 
i   #3 - labU. Flap 15 1.79 1.39 1.59 o.i»o •   U9 392 In-lb 1     P 

#1 - Pitch Link 16 0.89 0.61 0.75 0.26 -   73 37 lb l * •» 
#2 - Pitch Link 17 
#3 - Pitch Link 18 1.21 0.96 1.10 0.23 |       55 36 lb 1 * «* 

1 #1 - Mid Chord ?o 3.87 3.69 3.76 0.18 -1^61 317 In-lb 1 
#1 - Mid FU(. 22 3.3*. 2.66 3.02 0.72 -2*»3 216 ia-lb 1 & 3   1 

1 #1 - Mid Torsi'» * 3-32 3.26 3.29 0.06 "    15 89 In-lb 
#1 - Outbl. FUp 26 

1 

2M I.83 2.1A 0.62 -   95 118 la-lb 
143 

M~1cl attitude 27 1.37 -13.9 deg II 
C llectlve Pitch 29 2.23 1     7A deg 
#1 - Cyclic Plt-h 10 3-25 2.88 3.07 0.37 1     1'9 U.2 deg 1 
#C - Cyclic Pitch 11 2.92 2.«i7 2.70 O.I»5 0.8 5.2 deg 1      li 

j#3 - Cyclic Pitch 12 2.66 2.2«» 2.«»5 0.1*2    j 1.5 5.1 deg 1      | 

1    Oyro Roll Po«. 19 U.8U !      1.2 leg 
1    tyro Pitch Po«. 21 3.92 - 1.8 leg 

Thra«t 33 0.97 137 lb 

1    1>ra'' 31 1,10 "     6 lb 
I    Roll Moment 23 3.56 1         5 In-lb 
j    Pitch Moncnt r5 3.03 1       29 In-lb 

j   Ut. Vibration 26 2.19 1.9: 0.28    j o.oW fpi 
1  Looff.  Vibration 30 1.72 1.23 0.1*9   | 0.056 fpi   1 
j   Vert.  Vibration 32 1.05    ! O.63 0.1»2    j .eu nn 1 
1                                    1 ..         i. L_.      i 1 1 
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TABU 13.12    OOinaURATZOM c 

ITEM 

n    -    l.i»2 

V,, -    106 MPH 

#205fl 
OSCILLOGKAPH RECOtO KCDUCEO DATA                  i 

n. 
No. MAX MIN AVE 2A AVE 2A UNITS 

CYC 
MV. 

#1 - Dimr. Link 
f2 • ürii' Linx 
#3 - Dm« Link 

6 
7 

3.50 
3.20 

2.J»5 
1.91 

2.98 
2.56 

1.05 
1.29 

- 135 
- 155 

115 
1U 

lb 
lb 

1 
1 

#1 - Inbi. Fl*p 
#2 - InbJ. FUp 
#3 - Inbd. FUp 15 

2.31 
2.0«» 

1.98 
1.69 

2.15 
1.87 

C.33 
0.35 

?57 
"25 

327 
3^3 

ln.lb 
In-lb 

1 
1 

#1 - Pitch Link 
#2 - Pitch Link 
#3 - Pitch Link 

16 
17 
IB 

1.00 

1.33 

0.58 

0.98 

0.79 

1.16 

O.I|2 

0.35 

-   67 

61 

55 

55 

lb 

lb 

1 ft u 

1 k k 

#1 - Mid Chord 
#1 - Hid FUp 
#1 - Mid Tortlan 
#1 - Outbl. FUp 

20 
22 
2k 
26 

k.Oß 
3.71 
3.32 
2.07 

3.5«» 
2.85 
3.23 
1.10 

3.78 
3.28 
3.28 
1.59 

0.W 
0.86 
0.0? 
0.97 

-1161 
- 165 
- 30 
- 200 

81»5 
258 
13^ 
Iflk 

in-lb 
la-lb 
la-lb 
la-lb 

1 

6 

Model Attitude 
Collective Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

27 
29 
10 
11 
12 

3.W1 

2.82 

2.68 
2.30 
2.02 

2.17 
2.23 
3.06 
2.69 
2A2 

O.76 
0.78 
0.80 

- 3.2 
7.«» 
1.8 
0.7 
1.1 

8.7 
9.1 
9.8 

1 
1 
1 

Oyro Roll Po«. 
Oyro Pitch Po«. 

19 
21 

«».83 
3.75 

1.1 
- 3.3 

teg 

Thrust 
DrM 
BoU Maneat 
Pitch Mooent 

33 
31 
23 
25 

1.76 
1.35 
3. 3 
3.37 

W5 
U 

-   3k 
150 

lb 
lb 

la-» 
la-lb 

Ut.  Vlbr«tlao 
I-oitf. Vibration 
Vert. Vibrmtlao 

26 
30 
32 

2.27 
1.65 
1.10 

1.80 
1.22 
0.3k 

0A7 
0.U3 
0.^6 

* i 

0.080 
c.(A9 
0.032 

fp« 
fp. 
fp. 
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uau IM)    ^MriGtiurioM c 

1        #2060 1 1 
OSCILLOGRAPH «COM) IEOUCED DATA n • l.7y 

»,, • 136 HP* 

ITEM           ! 
TR. CYC 

|No, MAX MIN AVI 2A AVI 2A UNITS uv. 
\             COMMENTS              | 

#1 - T)t%f, tla* 
#2 ■ 0^- I Ink 

6 3.60 2.3» 2.W 1.22 ♦m 1)3 lb 1 

I 

I     Nu fw at T 321' 
7 3.26 i.de 2.57 l.«  1 -15) 155 lb 1   l Mu fm «t • 3Jb* 

#3 . Dn« llak 

#1 . inbi. rup 
f2 . UbJ. rup U. 2.1.5 ?.02 W, O.I»3 -AT WS In-lb 1 1     NM flap «t 233* 

1  #3 . labd. fUp IS 2.16 1.71 1.9b o.i»5 1 !       29U hki in-lh I 1    Nu flap «t 257* 

i   #1 • Plteb Link 16 1.10 0.5U 0.92 0.56 -63 7U lb Uli i     Mas nu at ',.)' 
1    #2 • Pitch Llok IT 
1   #3 • Pitch Link 19 1.50 1.10 1.>J o.w 1        S6 63 lb la Hu nu at ^8• 1 

1 #1 . Nld Cb rt 1 20 U.TO ).5<. 3.77 3.1^- -1179 »10 In-lb i ItoJi fiM at 321' 
1 #1 . Mid rut 1 " 2.60 1.70 2.15 0.» i    -sou 270 la-lb *6 Nai flap at 273'   1 
1 #1 > Nld To.tljn 2U ).36 3.21 3.29 0.15 -IS 22U In-lb 6 
1 #1 • Outtri. KUi 26 1.95 0.93 l.Ub 1.02 1     -228 19b In-lb 366 Nu flap at • • 295* 

1 Motel »ttUud« 27 2.U2 |      0.1 M« 
1 Collective Pitch 29 2.22 •7.3 *H 
l#l - Cyclic Pith 10 ).5l 2.69 ).10 0.« I      2-3 9.b *•• 1      ' !     MM ^.  at » • 3-3* 
l#2 - Cyclic Pitch 11 ).13 2.2a 2.69 0.99   ' 1       5-7 10.3 M( 1 i     N»s 4.    at » • M[ 
l#3 . Cyclic Pitch 12 2.92 1.93 2.)3 0.99 1      0.6 

1 

10.9 *«tf i    ! Nu ^    at « ■ 

1    Uyro Roll Poa. 19 .U.i) 1.1 M« 
1   Ojrro Pitch Pi«. 21 ).1i -3.3 <M« 

1    Thnut )) 2.J6 562 lb 
1 

t***                      1 )1 1.7* U) lb      1 
1     Roll MOMQl            \ 2) 3.70 37 in-lb 
\    Pitch Marm*. 25 ).« 

1 
>X in-lb 

1   iMt. vitmt tr. 28 ?.?3 1.93 J.>7 0.>>3 fP, 
1   VJIW;,. Vlbm IOQ *J 1,00 l.JO 1. \) '• '>■' fp« 
1   V«rt. viVmtlor )2 1.11 0.5S J.so J.'V fp. 
1                                  I. _1  i I  L i i 1 

166 



MU Ik.1 OOVTOUMTIOI 0 

n • .77 
1         #0076 

OSCILLOO«AFH tfCORO UOUCtO DATA                 1 

\n. 
No. MAX MIN AVI 2A 

I 

AVE 2A UNITS 
CYC 1 
uv. 

ITIM          1 

#1 - Dm« Link    | 
#2 - Dm«! Link    ! 
#3 - Dm? Llak 

6 
7 

3.10 
3 03 

2.99 
2 92 

3-05 
298 

0.11 
0.11 

- 12« 
. 108 

12 
12 

lb 
lb 

1  #1 - Inbl. Plap 
1   fS - InbJ. FUp 
1   #3 - Inbd. fUp 

Ik 
15 

2.06 
1.71 

197 
159 

<?.oe 
1.65 

0.09 
0.12 

129 
10 

»9 
118 

In-lb 
in-lb 

'       n 
i 
i 

#1 - Pitch Llak 
#2 > Pitch Llak 
#3 - Pitch Link 

16 

r 
0.82 
O.U 
0.52 

0.76 
0.39 
0.W3 

0.79 

O.W 

o.ofl 
0.05 
0.09 

-    ^7 
.   80 

8 
7 

Ik 

lb 
lb 
lb i   1 

y 

1 #1 - Mid Chord 
#1 - Mid fUp 
#1 . Mid Tonlon 
#1 - Outbd. P\ap 

20 
22 
2% 
26 

3-71 3.61 

2.fe 

3.66 

3.21 
2.52 

0.10 

0.20 

-1373 

- 13»» 
- 23 

176 

38 

la-lb 

In-lb 
la-lb 

Model Attitude 
ColUetlYt Pitch 
#1 . Cyclic Pit h 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

27 
29 
10 

12 1:5 2.80 
2.51 

2.38 
2.23 
3-18 
2.82 
2-53 

o.on 
O.Oj 

- O.k 
T.k 
3-? 
2.2 
?.k 

0.1 
O.k 

i 

i 
i 

Oyro Roll Po«.     1 
Oypo Pitch Po«. 

19 
21 

k.Tk 
k.l) 

0.2 
0.1 «•C 

Thruat 

Roll MOMDt 
Pitch MoMBt 

33 

23 
25 

l.2k\ 
115 
3.k7 
289 

2%8 
- 2 
- 2k 
- 21 

lb 
lb 

in-lb 
ln-lb 

Ut. Vibretloo     j 
Long. Vibntloo 
Vert. Vlbmtloa 

26 

32 

2.20 
155 
1.01 

1.9B 
1.37 
0.7% 

1 

0.2« 
0.18 
0.27 | 
 1 i                i 

O.OM 
O.OCl 
0.015 

fp« 
fP« 
fp« 

] 

U7 



TABU 1U.2 OOBPIOURATIOH D 

V*rr$ 1 1 1 

ITEM 

OSCIUOGRAfH RCCOtO UOUCEO DATA .             I 
TlJ CYC n   -    1*27         i 

VM    -    0 WH 
No. MAX MIN AVE 2A 1     AVI 2A UNITS Uy- 

#1 - Eimr: Link 
#2 - Di«i' Link    | 

6 2.7k 2.60 2.67 0.1k -   169 15 lb 1 
7 2.60 2.k0 2.50 0.20 -   161 22 lb 1 

#3 - Dn* Link 

#1 - Inbi. FUp 
#2 • InbJ. FUp Ik 2.23 2.05 2.1k O.lß 2k8 178 In-lb 1      j 
#3 - Inbd. FUp 

15 1.89 1.62 1.76 0.27 117 26^ In-lb 1 

#1 - Pitch Link 16 0.66 0.5k o.6o 0.12 -     92 16 lb 3 
#2 - Pitch Link 17 o.o6 -O.Ok 0.05 0.02 -   131 3 lb 3 
#3 - Pitch Link IB 0.5>i 0.k? 0.k8 0.12 .     1.2 19 lb i     | 

1 #1 - Mid Chord 20 3.68 3.52 3.6o 0.16 - Ik78 262 In-lb 1 
#1 - Mid FUp 22 

1 #1 - Mid Tor«Ian 2*» 3.21 3.1fl 3.20 0.03 -   Ik9 k5 In-lb 6 
#1 - Outbd. FUp 26 2.30 2.03 2.17 0.27 -     89 51 In-lb 3      I 

Mndcl Utltud« 27 2.k9 1.1 «•« 
Icollectlv« Pitch 29 

#1 - Cyclic Pitch 10 3.50 i      6.8 <>•« 
#2 - Cyclic Pitch 11 3.09 3.0k 3.07 0.05 5.1 0.6 teg 1 

|#3 - Cyclic Pitch 12 2.82 2.77 2.80 0.05 5.7 0.6 teg 1      i 

1    Oyro Roll Po«. 19 k.76 1     o.k teg 
|    Oyro Pitch Po«. 21 k.lfl k.lk k.l£ 0.0k 3.6 0.36 teg 2      1 

1    Thruit 33 1.67 396 lb 
Dr»^ h1 1.16 0 lb 11 

i    Roll Manrat 23 3.6k 21 In-lb 
i    Pitch NaMnt 25 2.62 - 116 In-lb 

1   Ut, Vibration 26 2.17 1.89 0.26 o.oke tpt 1   li 
1  Lon«. Vibration ho 1.62 1.29 0.33 0.036 fpi 1*3 

Vert. Vlbmtlan 32 1.09 0.65 o.kk  1 
1 1 1 0.025 tp» 1 fc 3 | 

IM 



1 

«U U.3 f   D 

1                                 fr 2061 

ITIM 

OSCILLOOUfH tBCMO tfOUC» DATA 

1 

Ti, 
No. MAX MIN AVE 2A AVI 2A UNITS 

CYC 
nv. 1       n   •    .7* 

|\-*™\ 
#1 - Dm« Link ^ 9.15 2.65 t.90 0.90      ► Us 99 Ih 1 

1 #2 . Dm« Link 7 9.03 t.%1 t.72 o^t -137 69 Ih 
#3 . DIM Link 

#1 - Wbd. rinp 
#2 - laJbd. rinp U t.tt \M 2.Ch 0.96 ^ 996 la-Xh 1 
#3 • MM. Ha» 19 1.95 \M 1^9 0.99 

^ 
919 te-lk 1 

#1 • Pitek LWi 116 0.96 0.77 0^7 £2 -   97 19 Ih Its 
M - Pitch U* N 17 0.1* U>.10 0.16 -U6 < Ih lfts 
#3 - Pitch Ltak IB Uli 0.91 1.01 o.to U 91 Ih 145 

#1 -Mid Chora to 9^7 9*99 9.91 o.ji -I6r 969 
L Ä 

A - N14 Pine 1 v 
n - Mid Tonloa * 9^3 9.10 9Ä 0.09 -13» 79 tfc Th 6 
#1 - (MM. Pin» 

* t^9 1.99 t^t OÄ -ua 169 tedh its 

Hotel Attltoto w t.jo -1.9 int 
ColUctlv« Pitch •9 t^l 54 tat 
#1 - Cjrelle Pitch 10 9.* t^6 9.09 SÄ 1.7 H tag 1 
#2 - cyclic Pitch 11 t^P t^6 t^7 0.9 a tag 1 
#3 - Cyclic Pitch It t.5« t.to t.99 0.96 04 

^ 

1 

Qjrro Roll Poc, 19 k^o - ut *• «jnw Pitch PM. n 9.99 -   1.7 

^ 

Thrust S3 l^t ts» »     1 
DiM 31 uce -    8 Xh 
Roll Mont k5 9Jkt M9 te-3h 
Pitch Monat 15 t.79 -   79 tap» 

Ut. Vibration     1 * t.15 5:2 o*0 o.os0 «Pa 
Long, vibration 90 1.59 0^9 0.00 rpa 
vert, vibration 9» 1.16 0.55 0.61 0.0» f>a 

^_         1 

It» 



«UU IkJk OOHTXQQSMROV D 

ITEM 

■   -   .5 
j    ?„   -   25 *■ 

#«»3 
OSCILLOOIAfH UCOtD |          REDUCED DATA                 i 

Tl. 
No. AAAX MIN AVE 2A AVE 2A UNITS 

CYC 
HV. 

#1 - DncLlak 
#8 - fix«« Link 
#3 - DM« Llak 

6 
7 

2.96 
2.9"i 

2.7H 
2M 

2.66 
2.69 

0.2k 
0.50 

- IM 
- ita 

26 
56 

lb 
lb 

l 
1 

#1 - UM. Flap 
#2 - Itibd. Flap 
#3 - ZaM. Flap 

> 
15 

2.19 
l.flfl 

1.72 
1.33 

1.96 
1.61 

0^7 
0.55 

69 
-   29 

»•65 
539 

la-lb 
la-lb 

l 
1 

#1 - Fitch Link 
fe - Fitch Llak 

#3 - Fitch Liidi 

16 
17 
18 

0.92 
-O.07 

1.16 

0.62 
-0.28 

1.06 

0.67 
0.16 
1.11 

0.10 
0.21 
0.10 

- 56 
- 113 

57 

13 
29 
16 

lb 
lb 
lb 

3 
1 

1 

#1 - Mid Chord 
#1 - Mid FUp 
#1 - Nid Torsion 
#1 - Outbd. Flap 

20 
22 

26 

3.62 

2.28 

3.15 

1.86 

3.39 

3.20 
2.07 

0.V7 

0.1t2 

-lÄM 

- U9 
- 106 

627 

60 

la-lb 

la-lb 
la-lb 

1 

1*3 

Model Attitud« 
CollcctiT« Fitch 
#1 - Cjrclle Fitch 
#? - Cyclic Fitch 
#3 - Cyclic Fitch 

27 
29 
10 
u 
12 

3.0«» 
2.7H 
2.1»1 

3.02 
2.58 
2.32 

1.12 
2.09 
3.03 
2.66 
2.37 

0.02 
0.16 
0.09 

-17.3 
5.8 
1.5 
0.3 
0.5 

0.2 
1.9 
1.1 

de« 
«a« 
da« 
da« 
da« 

1 
1 
1 

Ojrro Roll Foa. 
dyro Fitch Fo«. 

19 
21 

k.6k 
k.ck 

- 0.8 
- 0.7 

da« 
«•« 

Thruat 
DiV 
Roll NoMat 
Pitch NoMat 

33 
31 
23 
25 

1.08 
1.07 
>».1T 
2.69 

156 
- 9 

160 
- 21 

lb 
lb 

la-lb 
la-lb 

Lat. Vibration 
Lon«. Vibiation 
Van. Vibzation 

80 
32 

2.15 
1.59 
1.03 

1.96 
1.30 
0.69 

0.19 
0.29 
0.3«» 
 L 

O.032 
ü.033 
0.019 

fpt 
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TABU Hi .6 OOVKIUMTIOI D 

ITEM 

OSCILLOGtAPH IKOHO         | |           REDUCED DATA 
1 

I 

No. MAX MIN AVE 2A AVE 2A UNITS 
CYC 
IIV I        n    -    .78 

V,,   -    50 MTB 

#1 - Dimg Llak 
#2 - Dm« T.lok    1 
#3 - Dn« Llak 

6 
7 

3.03 
2.93 

2.69 
2.H7 

2.86 
2.70 o!^6 

. 1W 
- 139 

37 
52 

lb 
lb 

1 
1 

#1 - Utx). flap 
#2 - latxl. rUp 
#3 - UM. rup 15 

2.23 
1.92 

1.86 
1.5* 

2.06 
1.73 

0.35 
0.3B 

168 
88 

3>»7 
372 

la-lb 
la-lb 

1     1 
1 

#1 - Pitch Llak 
#2 - Pitch Llak 
#3 - Pitch Litt 

16 
17 
18 

1.06 
0.21 
1.52 

0.86 
-0.53 

1.35 

0.96 
0.37 

0.20 
0.32 
0.17 

- * 
- 87 

108 

26 

27 

lb 
lb 
lb 

1 
1      1 
1     I 

#1 - Mid Chord 
#1 - Mid FUp 
#1 - Mid Tonlon 
#1 - Outbj. rup 

80 
22 

as 

3.67 

2.23 

3^9 

IM 

3.5C 

3.20 
1,9k 

0.18 

0.79 

-I5IA 

-U9 
- 152 

317 

150 

la-lb 

in-lb 
la-lb 

1 

3      I 

Model Attitude 
Collective Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

27 
29 
10 
11 
12 

3.13 
2.78 
2.W 

2.82 
2.37 
2.12 

2.18 
2.00 
2.98 
2.58 
2.30 

0.31 
0Ä1 
0.36 

- 3.1 
U.8 
0.9 

- 0.6 
- o.l» 

5.8 
i».i» 

1      I 
1 
1    ! 

Qyro Roll Poe. 
Oyro Pitch Poe. 

19 
21 

fc.60 
3-93 

- 1.2 
- 1.7 

deg 

Thruet 
Dre« 
Roll Moment 
Pitch Moment 

33 
31 
23 
25 2.99 2.70 

1.2^ 
1.08 
l».6? 
2.83 0.25 

2^6 
-      8 

i      287 

lb 
lb 

la-lb 
la-lb 

Let. Vltretlon 
.'-onr,. Vlbretlon 
Vert. Vlbretlon 

128 
30 
32 

2,11» 
1.61» 
l.Ofl 

1.9«» 
1-3^ 
0.60 

0.20 
0.3!» 

1 L 

0.03!» 
0.039 
o.o»5 

fpe 

1 .   1 

172 

















TUU 19.2 UJViaUMBOl 1 

tnA 1 1 

ITfM 

01ClttOOtA#M UCCMD tfDUCfD DATA                  1 

Ti. CYC 
a    •    1.20 NB. MIN AVI 2A AVI 2A UNITS KV. 

r      H— 1 

#.  • DrM LUk 6 f.39 t.U 2.29 o.a - 120 12 Ik 
le . Di«« Link 7 i^e i.vr 1.98 0.21 . ue U lb 
#3 - DM« U* 6 

#1 . UM. flap 13 
#? . UM. ri«» \u 

un 
2.10 2^7 0.13 -   Ko 130 U.lb 

#3 - Ubd. Pia» 19 1^3 i.n 0.19 • K2 192 l»-lb 

#1 • Pitch LUk | l£ 0.95 0.T9 oJ»9 o.ao -   73 32 lb 
fe . Pitch Llak     17 -.90 hi.03 0.97 0.13 0 19 lb 

#3 - 'Itch Ltak     10 •A) ■ .9k 0JI7 o.U u 21 lb 

#1  - NU Chord          20 9^3 9.00 9 A? 0.83 1U 98 l»-lb 
Jl.HU Plap            » k.Qk k.lfl 0.« 
il - MM Tonloa     * 3.» 

£.17 
3.13 3.1« 0.09 

#1 • Owtbd. Plap   \t£ 3^o • .03 O.TT 

HntWl Attltud«           rr p.r - 0.? «M 
ColUctl»« Pitch      J9 2.39 9.2 
#1  -  Cyclic Pitch    lo i-V 9.9 tec 
#? - Cyclic Pitch    U 
#3 - Cyclic Pitch    la 

3.17 
s-^i il tz 

Oyro RoU PJ«.        19 k.72 k^9 k^9 0.07 • 0.3 0.7 tec 
ajrro Pitch Poa. a k.li k.\g h.U o.c* 0.2 O.k tec 

^ruat " 1^9 k« lb 

I    ***''• ** 1.20 ? lb 
Roll MOMot " 3.13 - "3 l»-lb 
Pilch Norwat » 2.99 U ta-lb 

Ut.  Vltratloo ae ?.39 1.77 0.9« 0.099 tf» 
:x«r. vibimtlcn 30 1^9 1.29 0.J6 o.okl tv 
van.  Vlbi«tlan » 1.03 o.-a 0.32 

 L 
0,018 

;  1           1       _ ' 

0W\t 
■^ÄC^ÄÜft^;»^ 

yVs/vv 

IM 



f 
15.3 oognouuTio« i 

1        #B162 1 1 
n -    .77 OSCILLCXMATH teCOlO ttDUCID DATA                  i 

▼M-    25« - 

ITfM 
n. CYC 
No. MAX MIN AVI 2A AV! 2A UNITS tfV. 

...   . 

il - Dra« Link 6 2.83 2. kl 2.62 0.42 - 99 25 LB 
1 « . Oi«« Link 7 2.0' 1.59 1.80 0.42 -133 28 lb 
#3 - Dm« Llak 6 

fi - UM. rup 13 1 
to - Ubd. rup Ik 2.17 2.04 2.11 0.13 -100 133 IB   -   lb || 
#3 • WM. rup 15 1.^3 l.>9 1.51 0.16 -404 162 la - lb 

#1 - Pitch Link 16 1.19 0.9k 1.06 0.25 - 41 39 lb 
C - Pita» Llak 17 -i.ia •1.34 1.23 0.22 39 32 lb 

#3 - Pitch LU* IB -1.82 -2.06 1.94 0.24 187 36 lb 

#1 - Hid Chord ao 6.37 5.23 5.3D 1.14 159 135 la - lb 
1 - «Id TUf » k.a6 3.Ö4 4.09 0.42 

1 1 • Hid Tortloa a* 3.31 3.14 3.29 0.27 
#i - (Mbd. ru» 26 4.26 3-52 3.89 0.74 

Motel Attltudo 27 2.32 -1.2 
Colloctly« Pitch 29 2.02 5.0 

1 1 - Cyclic Fitch Iß 3.52 3.20 3.36 0.32 5.3 3.6 4M 
i e - cyclic Pitch 11 3.00 2.66 2.83 0.34 2.3 3.9 do« 
#3 - Cyclic Pitch 12 3.36 2.97 3.U 0.29 9.5 3.5 tec 

3yro Roll Poo. 19 4.62 4.53 4.58 0.09 -1.4 0.9 «•« 
Hjnro Pitch Poo. 21 3.96 3.91 3.95 0.07 -1,6 0.6 d*C 

Thrust 33 1.24 242 lb 
DTM 31 1.08 - 0.8 lb 
Roll MoMnt 23 3.65 24 IB   -    lb 
Pitch Hfmnt 25 2.95 0 

iMt. Vibration as 2.26 1.86 0.3B 0.065 te« 
IAOP..  Vlbr»tloo 3D LTD 1.32 O.JB 0.043 teg 
Vert. Vibration 32 1.18 o.6c 0.58 0.03? te« 

 1 1-              i 

Itl 









TAXU 1%T annauMnoi I 

[ # 2170 1 1 
OSCIUOOUfM ticoco UOUCIO DATA                   A 

ITEM 
Tl. CYC 

n   .   .rr No. MAX MIN AVI 2A AVf 2A UNITS wv. ^   •   ^c ini 

ll • Dn« Llak f, ?.&, 2.^ 2.6? o.t* -    99 5 lb 
I e • Oitm Llak 7 ?.rrj l.U? 1.95 C.35 - 1^3 17 lb 
#3 - Dm« Llak n 

#1  -  lobd.  TUf 13 
& - InbJ. FUp U 7.» 1.« 1.9« n.60 -  230 6co la-lb 
#3 - labd. flap 1? 1.77 l.kl 1.59 0.J6 - 323 3» la-lb 

#1 • Pitch Llak 
#2 - Pitch Llak 

If, 1.15 1.03 1.09 0.12 -     Jo 19 lb 
17 •l.l* -1.27 1.2? 0.11 37 16 lb 

#3 - Pitch Llak 1Ä -1^1 -1.93 I.ft7 0.12 177 W lb 

#1 - NU Chord 90 ?.w 
11 - NU Plap 2? •».13 3.fl6 k.oo 0.27 

1 1 - NU Torsion « 3.2i 3.15 3.20 0.09 
#1 - OutbJ. Plap 26 3.90 3-59 3.75 O.J1 

Nodal Attltud« ?7 l.U -    17 <*•« 
CollaetlT« Pitch » 1.92 3.9 •to« 

11 - Cyclic Fitch 10 3.22 5.7 «•« 
% - Cyclic Pitch 11 2.7% 2.71 3.73 0.03 

o.oS 
12.7 o.k ■to« 

#3 . Cyclic Pitch 12 3.03 2.99 3.01 8.3 0.5 <!•« 

Oyro Roll Poa. 19 k.71 k.98 53 0.13 -  0.7 1.3 4«« 
Ojrro Pitch Po«. 21 4.aP k.OO o.ofl -  O.fl 0.7 4M 

Thruat 11 0.M 86 Ik 
I>r^ 31 1.07 -    9 lb U 
Roll   MOMOt 23 3^0 - k2 la-lb 
Pitch Hcmmat 2? 2.97 2.fl9 ?.93 0.* -    7 la-lb 

Ut. Vibration as 2.20 1.9? 0.» 0.Tk7 fM 
:.oo«. vibration 3c 1.A0 1.26 0.5* 0.062 fp« 
V«rt. Vibration 32 l.U 0,61 0.53 0.03r If« 

^J^^'1' 

^^ü 

its 



«UU 1?.8 oovuoMnsi 1 

^TS 1 1 1 
OKKlOOtAM trCMD j            ttDUCID DATA                    1 

ITIM            j 
II. CYC 1 

1         B      -      l.JJ N». MUO( MIN AVI 2A AVI 2A UMTS «v. 1 
»„  •   ?- in   ! 

Si - DM« tlAk 6 ?.* ?.!»* ?.-'; .sk *    '9 V Ih 
1   h - Dm« Lin» •J ?.?7 l.-k ?.a -.'3 . l?c * Ik 

#3 • OTM ttak " 1 
1 #1 - I*», ruf 15 

1 f? ■ U>J. ri** U ?.jk ?.lf ?.^ r.y i     ^ 1ft In. lb 
1 #3 - law. riap I? i.je 1.-^ I.ft6 .A 

■  ,1 
3k? In-lb 

j   #1 • Pltcfc Ltak 16 l.JC 1.* 1.19 ■.» -    20 »k Ik 
1   ft • ritch Llak 1- -"3 -l.T» r .<* 0.7k •       J 35 lb 
i   #3 - Mich Liar If -l.?9 -1.^ 1.41 c.r? j      107 JP lb 

( Pi - NU Cbord K 6.k* ^.?3 %Jk -.?i j      105 2? la-lb 
1 H - nu ru? 2? *.* 3.^ \.CF> -.%i 
1 H - KM Tonloa 3* 3-^ 3.U 3.a ■-.u 
i >i - Ortb.;. ruf 

* 
3^ ?.9? 3.^ '.* 

1 Hotel »ttltuda r ?.»■' '•" *•« 
1 ColUctl*« Fltrh « ^•93 k.(? «W« 
l#l - Cyclic ntch i 3.' 3.Tk 3.2" .w. k.? '.? teg 11 
|#? • CyclU Pitch ii ?.*> ?.'3 ?.-»6 zM !     1.5 5.2 te« 
#3 - Cyclic Pitch i? 3.r »."I 3. « M a.P 5> tei 

Tyro  HoU Po«. IV k.a k.*? •».V .12 -  l.k 1.2 te« 
1    3jm> 'Hch Po«. ?i 3^ 3.^ 3.P9 s.-)9 -  ?.l 0.8 te« 

|    Throat                    0 ]3 1.6- kic Ik 
:*•«                    1 31 \.n S         59 Ik 

1     Koi:   MOMDt ?3 3.^ 3.^» J.5« .» •       ^ 5-3 Ul-lk 
|    Pitch MoMat 

I 

r* 3- iC !.r ?.9k '•13 *       * k.6 la-U 

1   L*t.  Vltrmtlor.     I?« J.»" 1,'9 '•'•' -.10*" n» 
1 '^aof vihratioo y j: l.~5 1.19 '•^ .J64 f^» 
1  v*it. vibmtioo   H j? 1.19 :.ak '-•*■   1 -.■<5k n. 
1                                i i 1 I          i I    -.          , i      . 1 

ro^or 

IM 







* 

TUU W.U omvMMärtm ■ 
mal 

0 
T     ■ ■ 1 

• - l.tt OSflUOGtAfH IK« IfOUCfO DATA 

?„- IfltM 
i 

I 

irtM 
Tt. 
No. MAX MIN AVI 2A AVf 

j 
2A UMTS 

CYC 
UV. 

S\ • Crag li*. 
#? - 8m* Lla* 

« 
T a 

7.1% 
»,$1 

2.22 
1.97 2.1» 0.4*1 

I            i 

'  -107 
-137 

) , 

Ä 
k3 

U 
1» 

#1 . :*;. riar u u 
15 J.Ol 

f 
i.»7 
1.«« 

2.2i 
1.85 

1 

o.a       so 
0.32       • «6 

5ho 
323 l*-lh 

#1 - fitch LUk 
#? - Pitch LUk 
#3 - Pitch LLat 

U 
IT 
1« 

1.» 

o.n 
0.» 

0.10 

1.11 
0.55 
0.J6 

0.30 

0.51 
:2 
-91 

37 
16 
16 
16 

#1  - «li (V>rTl 
#1 • nu rut 
#1 • »la roral-m 
#i . »m.!. ruf 

SO 
» a 

«^7 

2.« 

5.16 
3.»0 
3.0» 
2.1« 

5^7 
k.W 
3.96 
2.J» 

1 
1.21 
0.5f 
0.33 
0.80 

US Ik} IM-U 

«nrt«!   «ttltJte 
U»rtl»« Plt^h 

#1   -   C>clU Pltrh 
#r - Cyclic Plicfc 
#3 - Cyclic Pitch 

» 
10 
U 
u 

3.« 
3.« 
3.» 

3.U 
2.8*. 
2.57 

2.73 
2.1; 
).A 
).2J 
2.« 

0.80    i 
0.1« 
0.75 

-JJ, 
6.3 
7.3 
7.0 
7.* 

9.1 
».0 
9J 

3]rro »cU Po«. 
3rro Pitch fim. 

19 a k.16 
3.1« 

I 
kJf* i fc.TJ 
3.77    3.75 

0.97 
0.06 

0 
-J.3 

0.7 
0.5 

Thrj«t 

KsU  HOMDt 
Pitch NoMat 

3) 
n 
>3 

^ 

1^3 
l.J» 

f 

1 

»IS 

Ik 
16 

1*-16 
U-lb 

-••.. vitr«tlac 
!XW   VUmtlOB 
.»rt. vamtlan 

it 
JO 

2.» 
LIT 
1.» 

r     7 
1^» 
ua 
0^7 

1 
0.45 
0.4) 
0.77 

0JU 
0.072 
cot* 

  i »           i i a            i 1 

m 







TUM .*.? amzauwtUM r 

f „   - 0 W« 

ITfM 

mm 
OSCIUOCftAM IfCOtO IfOUCfO DATA                    | 

Tt. 
MAX MIN AVf 2A AVI 2A UNITS 

1 
CYC 

la - era* tun 
#? • Dimr I in» 
#3 • Dm« LIM 

T 
• 

1* 
J7 

Ih 
Ih 

, , 

1 

1 
1 

#1 . I*J. rur 
#? . ubj. ru» 
#3 . iwhi. rut 

S 
IS U-lh 

#1 • fit«* Llak 
{ » - Mir* LI* 
n ' Pit* Uak 

1« 
IT 
IS 

U 
Ik 1 

#1 • Nld Chord 
i . Hid rue 

i 1 - MW Tonlis 
#1 - *rtk.;. Flap 

M 
» 

8 T5 1»-1* 

mo6»\ «ttltwto 
roiuni«« rttrh 
#1 . Cyclic Pitch 
#? - cjreiit nu* 
#3 - cyclic Pitch 

n 
10 u 
If 

J 
** 

1 
i 

l 

1 
dyro «oll Pa«. 
Oyro Pitch Pa«. 

If 
tl il 

1 

Tkru«t 
Dim* 
Roll Maaat 
Pilch tkmmr. 

M 
31 
«1 

k» Ik 

iMt. VlbratloB 
lam-, vihrstlaa 
vtrt. vibrmtloB 

M 
JO 
J* 

1 1 1 i 1- 

.US 

.OfcO 

2 
t 
t 

«• 

1»J 



tuut i*.)        oamnmtvm r 

iriM 

OKIILOCUM UCOtO tiDUCEO DATA                   i 

n. 
M« MIN AVI 2A AVf 2A UNITS 

CYC 
IfV. 

ll - Di«c Ma» 
IB - Dn« Llak 
#3 - Drag uak 

4 
T 
• 

>S 1 
1 

11 • I*d. flav 
le - UM. ru» 
#3. x*«. n^ 15 

JM 
3» 

te-U 
te-lh 

1 
1 

#1 - ntck Llak 
• - riuh Llak 

#3 - ritck Ltak 
17 
it 

S Ik 
1*3 
... 

ll - MM Cterd 
1 1 - HM Flap 

1 - Mia Toraloa 
#1 • OMM. nap 

10 
a a «0 te-U 

Nodal Attltote 
CoUaetlv« Pitch 
#1 - Cyclic ntek 
8 - QreUc MU* 

#3 . Cyclic Pltck 

n 
9 
10 u 
it 

-M 
*■ 

djrro NoU Poa. 
flbrro Pitch Poa. 

1» n 

Thmat 
Dia« 
HoU NOMBt 
Pitch MoMat 

33 

tj 

300 U 

| 

Ut. vibiatloD 
Loac. vttiatlon 
Vtrt. vibiatlaB 

1 1, 1 
.«5 

i 

S 
*>• 

/W 

IPS 



U.I. coviauur;» r 

•   •    .81         ! 

T„    -    « ** 

| 

rv»                            1 
OSCILLOG«APH iKOtO 

1 
«OjCtO DATA                    i 

1                                                         1' 

Tl 
No. MAX MIN *Vf 2A AVI 2A UNITS 

CYC 
liV.    : 

ll - DrM '. la«     1 
1   #? - f-«« lIn* 

#3 • Dr«« Llak 

6 
T 
e 

i 1 

1                         « 
1                          " 1                 1 

i 1 

lb 
It. 

i * 

1 
1     I 

#1 - l*>i. Mat   ' 
#? - lab;, flat 

1   #3 - IrtfcJ. rUp 15 300 
lJ»-lt 
U»-lb 

1     i 
i      ! 

>          ii 
#1 - Pitch Llak 

I    fS - Pitch Link 
|   #3 - Pitch Llak 10 

| 

26 Ik 
i 

1  #1  • Mid  Chord 
1 #1  • MU  fUf 

#1  - Hid  Tortlm 
#1  - Ortb:.  fiar 

\K 

It* 
JO l/.-lt 

N«1«l   *ttltj<l« 
1 rollectl»« Pltrh 
l#l  -  Cyclic Plt-h 
#? - Cyclic Pitch 

|#J -  Cyclic Pitch 

17 
19 
10 
U 
17 

I 

- 17.1 

1    (Jjrro Roll Po«, 
j    ayro Pitch Pi«. »1 

|    Thnat 

1    Pitch Nawat 

IS. lb 1 

1   Int. vitratl-» 
1   LOM.  VlbrwtloD 
1   vert. Vtt.-»tlao 

i i 

.099 

.039 
j  .035 

fl*   1 

i 

f 

4*- 

^i *0 ^«y i 

194 





TUU IM ommoMicm r 

■   -    .09 
in • »im 

ITEM 

mo» 
OSCILLOCIAPH IKOtO 

Tl. 

11 - Dm« Link 
K - DrM Link 
h - DrM Llak 

li • law. rup 
» - i*w. rup 
h - xabd. rup 

«1 . Pltek Llak 
M • Pitch Llak 
#3 • Pitch Llak 

#1 - MM Chord 
n - MU PUp 
»I - MW TorcloB 
f\ - Ovtbd. PUp 

MAX 

16 
17 
10 

Nodal Attltud« I *7 
Collaetlv* Pitch B 19 
#1 - Cyclic Pitch H10 
h - cyclic Pitch I u 
#j • cyclic Pitch || It 

Ojrro Roll Poa. 
QJTO Pitch Poa. 

19 n 

Thmat I )3 
on« In 
RoU Noaaat I f J 
Pitch Moaaat I 15 

Ut. Vttratloa 110 
Lav. VIbratlflB 130 
Vart. vlhmtloB   I» 

MIN AVf 2A 

IIOUCIO DATA 

AVE 2A 

lt5 

160 

101 

.071 

.031 

UNITS 

lb 
lb 

CYC 
UV. 

lA-lb 

lb 
lb 

lb 

1*3 
1*3 ■^K 

'J 

IH 











u.u      oohrioauruB r 

• • I.1) 

% • 106 WH 

1         *** 
OSCILlOCtAfH ucon |           IfiHJCEO DATA                  j 

r 1 -    — -         -» T 

ITIM 
Tt. 
N.. MAX MIN AVI 2A 1      AVt 2A UNITS 

CYC  | 
MV. 1 

#1 - 5i«« lla« 

#3 - ^i«« Lia* 

6 

7 
• 

1 1 

6« 
100 

lb 
lb 

1       j 
1      ! 

#1 . 1*1. Flat 
f? -  In. 1. FUj 
#i • Xabd. FUp 15 

500 
WO 

U-lb 
li»-lb 

1       1 
1       j 

#1  -  Pltrh Llak 
#? • Pitch LUk 
#3 • Pltrh Liak 

16 
17 
U 

50 
Ik 
u 

#1 • MU rut 
#1 - Mid Tonis 
#1  - Oatb!.  KUf 

JO 

». 
26 

120 u-u k    1 

»-«»•1 «Ultute 
C< lUrtl»« Pltrh 
#1 - ryciu Pltrh 
#? - Cyclic Pitch 
#3 - cyclic Pltrh 

27 
2» 
10 
u 
u 

•l.U 

1 
I                 T               ] 

Jyrc   »cVl to» 
jjrro Pitch Pi«. 

19 
21 

i 

Th.-.«t                     ■ 

1    hoi: Mawn'.          j 
Pitch Ma^at        j 

)) 
Jl 
2) 
25 

j 

i 

i 

lb 

'-••.. vitmtl» 
limt. vitratloe 
vert.   .'ItrÄt'.oc 

26 

J . i 

.067 

.0*7 

.an 

2    ! 

'vV 

201 



tUU 16.U i       awujuTiai P 

■ - 1.9 

ITEM 

HUT 
OSClLlOGtAPM IKOtD UOUCIO DATA 

TI. 
No. MAX MIN *Vl 2A AVI 2A UNITS 

CYC 
tfv. 

ll - Vr%t Link 
h - O'W -ink 
#3 - Dt«« Ltah 

6 
7 
8 

 1 

13) 
169 

lb 
lb 

 ! 

i 
i 

#1 ■ lab.!. TlMf 
#? . labJ. rut 
#3 - labJ. rUp 

1) 
U 
IS 

57« 
klO 

U»-lb 
ln-lb 

i 
i 

#1 • Mich Link 
|e • Pitch Llak 
#3 - 'Itch Llak 

16 
11 
18 

Sk lb U) 

#1 - Hid Cbord 
#1 • nid ruf 
#1   - Mid Tor«loo 
#i • Outbd. riMp 

20 
n 
26 

Nud«l Attltvcla 
Collectl»« fitch 
#1 • Cycf.c Pitch 
#2 - Cyclic Pltck 
#3 . Cyclic Pitch 

n 
79 
10 
U 
u 

).9? -t 

1 

Oyro Roll to», 
ajrro Pitch Po«. 

19 
21 

Thru«t 
Dl«« 
RoU NoMat 
Pitch NOMMt 

3) 

2) 

596 lb 

Ut. VIbmtian 
UJO«. Vttrktl« 
Vtrt. VtbmtlaD 

2« 
JO 
» 

1 i 1 

.10) 

.019 

.OW tp» 

2 

202 



IM •Ana o 

OKULOOMAFN HCOIO MDUCB DATA                  1 

ITIM 
Ti. CYC 
NB. MN AVI 2A AVI 2A UNITS MV. 

#1 • Dl«g tiM* « Jt U 1 
t . Df«c LUk T » Ife 1 

#3 • ^«c Uak • 

|i . I*d. n«» 13 
fc - UM. rn» ik Ul to-U 1      1 
#3 ^ iÄd. n*. IS 

1 

JOD to-lk 1 

#1 - Mtck Llafe 1« U Ife 
at - Fite» u* 17 u U 

#3 - Pltck Ltak 1« 

#1 • Nid Ckori 10 
1 1 • Nid PU» « 

1 - N14 TonKa ak 1$ to-lk 
#1 • 0«tM. May at 

Hotel ntltute »7 0.1 4ag 
Colltetl«« Wtefc f9 

i H - Cr-lie Pit* 10 0.1$ 4^ 
, 6 . Cpellc MV* U 0.J5 ^* 
#3 . Cyclie Pltek 11 o.t$ 

*■• 

Obrro MoU PM. 19 
%rro Pitch Po«. a 

fkruft » Itt 1k 
DW« n 
RoU NOMBt ii 
Plt<*N0M«t IS 

Ut. TlbratlCB * MtS fN 
Um. vibmtKa JO .<*! !*• 
vtrt. vikratloB Jt .001 f»N 

309 











XT.« otafiauuria o 

« • .W» 
1       I*1**                                           1 

OK.'! LOGftAfH UCOIO         | «OUCIO DATA 

ITEM 

No. M« MIN AVI 2A AVI 2A UNITS 
CYC 
IEV. 

■ 

il . Dnw? Link     1 
#2 • Dm« Link     | 
#3 - Dim« Llak 

6 

7 
8 

90 
100 

lb 
lb 

1     1 
1 

1 

#1 . labd. Plap 
#2 > Ubd. Flap 
#3 - Ubd. Plap 

13 

IS 
»2 
2U0 

In-lb 
la-lb 

1 
1 

#1 - Pitch Link 
#2 - Pitch Llak 
#3 . Pitch Llak 

16 

16 
55 

lb 
lb 

163 
163 

1 i 
1 \ 
1 1 
1 1 

11 . Mid Chord 
H • Mid flap 
H - Mid Tor*loo 
H - Outbd. flap 

20 
22 
2U 
26 

I 

30 In-lb 

1 Model mit.ud« 
1 ColUctlv« Pitch 

#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

1 

w 

10 
u 
12 

-2.8 

k 
5 
5 

*•< 

teg 

1 
1 
1 

I    Oyro Roll Po«. 
j   Oyro Pitch Po«. 

' 19 
21 

1    Thrust 
1    I>i«« 

RoU Mannt           1 
Pitch Mantnt 

23 
25 

296 
1 

lb 

Lftt. Vltrttlao 
Lao«. Vlbrmtlao 
Vtrt. Vlbi»tlon 

28 

» 
il 

.108 

.0)5 
.050 

/v 

30t 



IT.7 otMriouunta o 

■ • .ki 
 IMS'       " 

OSCIUOCtAfH UCCMD UOUCEO DATA                   | 

fN.50M 

ITEM 
Tt. 
No. MAX MIN AVf 2A AVE 2A UNITS 

CYC 
tiv. 

- 

#1 - DrM Link 
l* - Di*« Link 
#3 - Dn* Link 

6 
T 
8 

1  

50 lb 
lb 

1 
1 

#i . lobd. rup 
f? - inbd. ruf 
#3 • Ubd. ru* 

1) 
Ut 
X5 

600 
$00 

Iflolb 
ln-ll 

1 
1 

#1 - Pitch Link 
i « - Pitch Link 
#3 - Pitch Link 

16 
IT 
16 

16 
20 

lb 
lb 

1 
1 

! 

1 

H - Mid Chord 
ii . Mid rup 
•1 - Mid Tonlaa 
1 - Outbd. Plnp 

10 
» 

JO U-lb 

Nodcl Attltud« 
ColUrtlY« Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

n 
w 
10 
u 
u 

-17.2 

1.5 
1.3 «H 

1 
1 

dyro Roll Po«. 
(Jfpo Pitch Po«. 

1» 
21 

Thru«t 

Roll MCMBt 
Pitch Mowmt 

2i 
25 

j 

XJ5 lb 

Ut. VlhmtloB 
LOB«. Vlhrstloa 
V«it. Vibration 

2« 
30 
» 

.069 

.014 

.031. 

«4. 

20» 



TABU u.9       cari^uuriJH 

n -  l.U 

% • W WM 

'             IT£W 
Tl. 

No. 

#?U7l 

osc a 

MAX 

0O«A^ 

r ' 

MIN 

t «KOI 

■ —" 

AVI 

0 

2A 

\          ti 
4 

AVE 

1 

DUCfO 

2A 

IJb 
16? 

US'- 
U6Ü 

DATA 

UNIT' 

lb 
lb 

In-lb 
ln-ll 

1 

CYC    ! 
RIV 

1         "T 
#1   -   Trm.    ! Uv 

1  #? - r.m   : in» 
1   #?  -  Dr%'  Lla* 

6 
7 
S 

< 

1   #1  -   lob  .  KUt 
#5 -  Inb:. KU{ 

1    #'   .   lob:.   H»l 
lit 

] 

#1  -  Pitch Link 
#? - Pitch Link 
#3 - Pitch Link 

16 

19 

1 

)7 
Ih 
lb 

1   #1   -  Mid  Chord 
#1   • Mid  KUi 
#1 - Mid Torilw 
#1  -  Outbi.   FUp 

20 
22 
2U 
26 

ts 

1 
M.d«l  *ttltud« 
r, Uectlv» Pitch 
#1 -  Cyclic Pitch 

l#? -  Cyclic  Pitch 
l#3  -  Cyclic Pitch 

27 
29 
10 
11 
12 

7.» 

5 
6 
6 

1 

1 
1        | 

]    Oyro Roll fot.     j 
1    (^rro Pitch Po«, 

19 
21 

1 

Thni«t                     j 
Dr*'' 
Roll Moment 
Pl'..-h Karen' 

1 

33 
31 
23 
25 

U2 lb 

ti 

iMt,   Vibration 
:^Of,'  Vibration    1 
Vert.  Vibration 

26 
» 
32 

.     J a , 1 

.J?6 

fP" 
fp. 
fp. | 

jl 

%*. 

^■^^ 

~JU_ 

210 



«um IT.»       oavxoounai a 

1     a ■ .9$ 

fN . 106 M 

ITIM 

{       OSCILLOCCAM IBCOtD {            «OUCIO DATA                    1 

i 

Tl. 
Na. «« MIN AVI 2A AVI 2A |  UNITS 1 «v. 1 

1   #1 > Cra« Mak 
1   #? • Drtw Link 
1   #3 • Dnw Llak 

* 
T 
8 

66 
177 

lb 
lb 

i    1 
i    I 

1  #1 . labJ. ru* 
1   #? . labJ. Flap 
1   #3 - labd. TUf IS 

7sa 
270 

la-lb 
la-lb 

i    • 
i    I 

#1 • Pitch Llak 
M . Pitch Llak 
#3 - Pitch Llak 

16 

r 
So 
y 

lb 
Ih it 

1 #1 - Nid Chord      ! 
1 #1 • Hld PUp 
1 #1 • Hld Tortlon 
I #i - outM. ruf 

20 
M 
2k 
26 

60 la-lb 

1 Nodal Attitude 
rolUrtlT« Pitch 
#1 - Cyclic Pitch 

l#S - cyclic Pitch 
#3 - Cyclic Pitch 

27 
29 
10 
U 
u 

-6.S6 

7 
6 
6 

i    p 
i 

!    Oyro Roll Poa 
dfro Pitch Poa. 

1                 1 
19 
a 

Thruat                       )) 
\  &**               ml 

RoU NoMRt           h} 
Pitch Noaaat        h$ 

»0 b 

Ut. Vibration     »6 
Urn*, vibration   IjO 
van. Vibration   U2 

ü , 1 

.07U 

.0)1 

.ou "•1 
li 

| 

w 

A^\ 

211 

\ 





17.U xoounai a 

* * *4 

ITEM 

1     ML 
OSCIUOG«A*I mom IfDUCCD DATA                 i 

\n. 
N», MIN AVI 2A |     *vl 2A UNITS 

CYC  1 
MV, 1 

1   Ji • Di«« Llak 
fi • DrM tin» 
#3 . Di«« Uak 

t 
T 
1 

Ik 
Ik 

1 
1      | 

#1 • I*d. nap 
1 #? • ubd. ruf 
1  #3 - UM. rut 1$ 

TT7 
kSO 

I     | 
1     ' 

#1 . Pttck liak 
1    M . Pltck tlak 
|   #3 - Pltck li* 

IA 

IS 

Ik 
Ik 

1*3   1 
U3   J 

#1 • Mid Cbord 
#1 - NU rut 
#1 . Mid Toraloa 
#1 - Ortbd. fUp 

10 

60 I»-Ik $     I 

Nodal Attltud* 
ColUrtl*« Pltck 
#1 - cyclic Pitch 

\fs ' cyclic Pltck 
#3 • cyclic Pitch 

10 

•13.1 

3 •H I     \ 

1 

1 

Oyro RoU PM. 
dyre Pltck fo». a 

Thrust                   { 
DrM 
RoU  HOMBt 
Pitch MoMat « 

UT U 

Ut.   VlblVtlOB 
LOM. Vlkratlta 
vtrt. vttmtK» 

2« 
JO 

.. _.    ij i              ' 

.060 
• OfcO 
.OU 

vA 

ia 

»ij 



ruu 17.17       cjirviuuTiai J 

n • l.US            | 
#?U87                                        | 

OSCILLOC«A»H UCO» |           tfOUCEO DATA                   i 

fN • 106 m 

ITEM            | 
Tt. 
No. MAX MIN AVI 2A AVI 2A UNITS 

CYC   i 
uv. 

i\ . tim« llak    \ 
to - Brw Llak 
h • örM Llak     | 

6 
T 
6 

i 

lb 
lb 

1 
1     1 

#1 • IHM. ru» 

#1 • labJ. ri««) IS 
sia 
2« 

In-lb 
la-lb 

1     (' 
1     1 

#1 • ruck Llak 
M - Fitch Llak 

1   #3 • PUeh Llak 

16 

18 

us lb l     |! 

1 1 
1 < 

H - Hid Chord 
11 . Mid rU|> 
H - Hid Tora Ion 
11 - (fetbd. flap 

20 
\** 

* } 

10S U-lb 

Nnd«l Attltud« 
ColUrtl»« Mteh 
#1 • Cyclic Pitch 
#? • cyclic Pitch 

|#3 • cyclic Pitch 

27 
29 
10 
U 
12 

1 

•l.U 

9 
9 
9 

••C l 
i 
l      1 

Oyro Noll Poa. 
1   Qyro Pitch Po«. 

I» 
21 

" 

1   Tkruat 

PI .ch MOBMt            { 

u 
2) 
25 

«) lb 

Ut.  VUratles 
LOM* Vlbmtlaa 
vtrt. vibrktlcB 

26 
» 
It 

i 1 i 

.101 

.ou 

.071 

fpa 
fpa 
fpa 

rv 
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TABI17A) IM 0 

• • IM 
Mt! 

ITIM 
%   ' 

OKU iu.oc«A»i ucoao 

s Dra« Llak    N * 
Dra« Llak        7 

• DI^I ttak    n • 

ü XAd. na»  HU 
Ubd. ru»   llk 

3 . 1*4. fla»    15 

g - Pltck Llak 
- Pltek UM II1T 
• Pltck UM 

via cten 
Hü na» 
NU Tomas 
OrtW. na» 

Modal Attlttrfa 
ColUetlva Pitch 
#1 • Qrcllc Pitch 
#8 - Cyclic Mt«* 
#3 - Cjraic Pltck 

OjrrD Roll Po«. 
OTTO Pltck Po«. 

Tfcrutt 

RoU nimmt. 
Pltcb mmmt 

Ut. VlbmtldB 
ham» VlbMtlOB 
vart. vnratlflB 

n 
9 

n n 
t5 

M 
JO 
3t 

MIN AVf 2A 

DATA 

AVI 

y.n 

90 

2A 

m 

MO 
190 

9 
10 
10 

UMTS 
CYC 
UV. 

U 
U 

to-U 
U>lk 

U>lk 

.«3 
.031 

'IlkUt 
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naiM la.s lonunai i 

1 (   Q -MO MO 
|            ITIM 

1    usu 
OSCHLOOtAPH IICOM) MPUCB DATA                   i 

n. 
N». 

- 

MIN AVI 2A AVI 2A UNITS 

41 • BMC Ltek 
It - »i«c Llak 
#3 - Dw« Uä i ft i     u 

Ih X 

At - XäM. ru» 
#3 . XAd. rut IS | 

J00 
170 

m-u» 
la-lh ! 

#1 - ritck Llak 
M - Htch Uak 
f3 • Pitch Utt 

16 

ia 

t 

1« U l 

#1-1114 Chord 
#i - ma rup 
#1 - «Id TonloB 
#i - owtbd. ru* 

10 

r 

r 
90 la-lh 

Nodal Attltute 
ColUctl'rt Flteh 
#1 - Cyclic Pltok 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

k7 

10 

It 

-5.6 
*** 

djrro RoU PM. 
(^rro Pitch PM. 

19 
>1 

1 1 

Thrust 

Roll NOMBt 
Pitch MOMBt 

» 
>3 

81 Ib I 

Ut. Vlhmtlon 
Loa«. VlhrBtloD 
vert, vtbimtlon 

as 
JO 
3> 

.07U 

.0)8 

.026   1 

fp« 
fP« 

)     1 

«I 

lAiAM 

333 



TMU lA.9 camamrim n 

■ • .91               1 
( Q • 910 VN) 
VM • 106 Wl      ! 

ITIM 

1       OSCILLOGUPH IKOtO         ! |            IEOUCEO DATA 1 
r      i 

Tl. 
No. 

r 

MAX MIN AVI 2A AVI 2A 

i 1 

UNITS 
CYC 
«IV. 

#1 . Dm« Link 
f? • T>r%e link 
h - DrM Link 

i    6 

8 
HI I» 

1     j 
1 

1   #1 . labi. rUf 
fs . lob.i. rU( 

1 #) . iBb-i, rup 15 no 
In-lb 
In-lb 

1 

#1 . Pitch Liak 
#2 . Pitch Llak 
#3 • 'Itch Llak 

16 

3 
u lb 1       I 

#1 - NU Chord 
#1 • Nld flap 
Jl - «Id Toralon 
#1 • OutbJ. POap 

•0 

105 la-lb 

1 Nnl«l Attltute 
Collaetl*« ntch 
#1 - cyclic ntch 
fe • Cjrellc Pitch 
#3 . Cyclic Pitch 

10 

ia 

*•' *H 

1 

1   OTTO ReU Poa. 
I   fere Pitch Po« ii 

1 
11 

fhMt 

HoUHOHBt 
Pitch NoMBt ■9 

a«? .h 

_J 
Ut. Tfhratla 
La«, vtbistloh 
V«rt. VIbratloB 

•• 
JO 
Si \ 

1 

.in 
• Ok« 
.036 

1 ' 

w 

Li. 
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TABLE 19.21 COHrTOURATIOH J 

In •  .25 
( n   .500 nr*) 

ITEM 

OSCILLOGIAPH HKCHD IE0UCE0 DATA                    | 

Tl. 
No. MAX MIN AVE 2A AVE 2A UNITS 

CYC 
»EV.   | 

#1 - Smr, Link 
#2 - Dm.T Link 
#3 - 3r»p: Link 

1-3 
1-4 
1-5 

1.96 
1.58 
1.9»» 

1.18 
.76 

1.16 

1.57 
1.17 
1.55 

.78 

.86 

.78 

-420.0 
-434.3 
-382.3 

80.5 
85.6 
32.4 

lb 
lb 
lb 

#1 - idbi. Fi»r 
#? - Inb-i. ri»p 
#3 - lati. VUp 

l-K 
1-11 
1-U 

333 
2.73 

2.67 
2.20 

3.00 
2.47 

.66 

.53 
I69.8 

-1X4.8 
700.3 
550.1 

la-lb 
in-lb 

#1 - Pitch Link 
#3 - Pitch Link 

1   #3 - Pitch Link 

1-13 
i-m 
1-15 

1.71 
1>7 
1.81 

1.67 
1.40 
1.72 

5:2 
1.77 

.04 

.07 

.09 

- 67.4 
- 39.0 

3.63 

6.91 
11.»? 

163.5 

lb 
lb 
lb 

#1 - Mid  Chord 
#1  - Mid  FUp 
#1 - Mid  Torsion 
#1  - Outbi. FUp 

P-8 
i-io 
e-12 

2.U 
4.01 
2.67 
3.06 

2.25 
3.66 
2.65 
2.61 

1:8 
2.66 
2.84 

.19 

.35 

.02 

.45 

-3069.4 

1   111.7 

391.4 
150.5 
34.3 
75.0 

la-lb 
la-lb 
la-lb 
la-lb 

Model 'Vttlta'lt 
d llectlve Pltoh 
#1 -  Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

B-13 
S-7 
1-8 
1-9 

.38 
3.17 
k.43 
4.33 
3.72 

.38 
3.14 
4.27 
4.14 
3.61 

.38 
3.16 
4.35 
4.24 
3.67 

0 
X)3 
.16 
• 19 
.U 

- 13.5, 
6.6^ 

1        5.5ti 
!       7.8B 
1       5.75 

teg 
«•t 
teg 
tec 
tec 

j   Oyro Roll Po«. 
Oyro Pitch Po«. 

8-3 
B-5 

fc.6k 
3.93 

4.42 
3.85 

4.53 
3.89 

.22 

.08 
-   1.24 
•   1.15 

tec 
tec 

Thrutt 

Roll Moment 
Pitch Manent 

B-17 
8-15 
B-7 
8-9 

.89 
1.12 

3:S 
1.12 
3.81 
2.93 

.38 
1.12 
3.82 
2.99 

.08 
0 

.02 
a 

79.1 
-     .51 

lb 
lb 
lb 
lb 

IM'. . Vibration 
Lon«. Vibration 
Vert. Vibration 

«-Hi 

i-U 

1.66 
1.24 
1.21 .76 .99 

.16 

.36 

.45 
._ 1 I            _j 

:S? n/mc2 

0 
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TABU: 19.?b   WIWRATI »N J 

n - .25 

(   12 • ?no RJ'M) 

OSCILLOGRAPH *o:r,:f* 

MM*V*N**^fVJ*W*/AfS^ 

.4 

230 



BLANK PAGE 



TABLE >■).}* CONFIGURATION J 

1 n ■ -^ 
I    ( O -  1^26 RPM) 

ITEM 

}        #17630 & #07630 
OSCILLOGRAPH RECORD REDUCED DATA 

1 

TR. 
MAX MIN AVE 2A AVE 2A UNITS 

CYC 
REV. 

#1 - Di%« Link 
i   #2 - T)i%t Link 

#3 - D»« Link 

t=r- 

1-3 
h.i 

r''J 

2.95 
2.U6 
2.79 

1.69 
1.22 
1.56 

2.32 
1.81. 
2.18 

1.26 
1.21* 
1.23 

- 31*2.6 
• yi» • 1« 
- 315.H 

130.0 
129.5 
129.9 

lb 
lb 
lb 

#1 - labd. Flap 
#2 - Inbd. FUp 
#3 - Inbd. FUp 

Lie 
n-u 
t-12 

3-3^ 
2.88 

2.53 
2.16 

2.96 
2.52 

.86 

.72 
♦ 127.3 
-    62.3 

912.5 
747.4 

!n-lb 
!n-lb 

1 

#1 - Pitch Link 
#2 - Pitch Link 
#3 - Pitch Link 

[-13 

t-15 

1.80 
1.80 
1.55 

1,78 
1.51 

1.79 
1.79 
1.53 

.0? 

.02 

.014 

- 50.1 
U    20.3 
- 40.0 

3.46 
3.3" 
7-2( 

lb 
lb 
lb 

#1 - Mid Chord 
#1 - Mid FUp 

1 #1 - Mid Torsion 
#1 - Outbd. FUp 

p-6 

p-ic 
p-12 

?.8o 
3-99 
2.67 
3.00 

2.56 
3-51 
2.65 
2.UÖ 

2.68 
3-75 
2.66 
2.71* 

.24 

• ^ 
.02 
.52 

-2389.O 
♦ 210.7 
-     i1*-} 

\*    95.0 

494.0 
206.4 

34.3 
86.7 

!n-lb 
In-lb 
In-lb 
In-lb 

Model Attitude        ! 
Collective Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

B-ll 

r13 
i-i 
r8 

r9 

• 38 
3-17 
k.M, 
U.3U 
3-75 

• 38 
3.13 
^.27 
h.lf, 
3.61 

• 38 
3-15 
l».37 
1..25 
3.68 

0 
.04 
.19 
.18 
.14 

-     13.5 
♦ 6.61 
♦ 5.96 
♦ 8.05 
♦ 5.98 

deg 

ieg, 
de« 
de« 

1 

Oyro Roll Poe. 
Oyro Pitch Poe. 

?-3 
?-5 

U.78 U.50 
3.84 

U.Gk 
k.lk 

.28 

.60 
.86 

♦         .lb 
deg 
deg; 

1 

Thruet 

Roll Mooent 
Pitch Moment 

?-17 
?-15 
?-7 
i-9 

.75 
1.12 
3-87 
3.01 

• 75 
1.12 
3.82 
2.99 

.75 
1.12 
3-85 
3.00    { 

0 
0 

.05 

.02 

♦    4l.o 
.5 

it. 
lb 
lb 
lb 

_ . ——J 

Ut. Vlbimtlon 
Long. Vibration 
Vert. Vibration 

?-iu 
»-16 
[.161 

1.6? 
1.16 

1.52 
.91« 
.78 

1.57 
1.05 
.95 

.ID 

.22 
• 33 j 

, 

.27 

.55 
.825 

rt/üe.-'l 
Q         j 
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TABU I9.3b CONFZOaMTZON J 

n- .13 

(  Q  • 1*36 RPK) 

O.«ILL0GRAPH #07(130 

|wv*W^ 

-^L 
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TABU 19-w ooHnouunoi 3 

1   n . .05                 1 
( 0   - 352 RPM) 

ITEM 

|       #17631 4it7631 
IOUCE0 DATA 

Tl. 
No. MAX MIN AVE 2A AVI 2A UNITS 

CYC 

1   #1 - Di%g Link    ' 
i   #2 • Drsg Link 

#3 - Di«« Link 

1-3 
l-l» 
1-5 

3-32 
2.91 
3-06 

2.89 
2-37 
2.59 

3.U 
2.64 
2.83 

.43I 

.54 

.47 

- 261.1 
- 280.8 
• 247.1 

44.4 
1     56.4 
1     49.6 

lb 
1     lb 

1     ,b 

I   #1 . InbJ. Flap 
I   #2 - InbJ. FUp 
1   #3 . Inbd. FUp 

1-10 
1-U 
1-12 

3.22 
2.62 

2.62 
2.2U 

3.92 
2.'»3 

1     .60 
• 39 

♦1145.9 
- 1557 

6)6.6 
394.4 

In-lb 
in-lb 

#1 - Pitch Link 
#8 - Pitch Link 
#3 - Pitch Link 

1-13 
h-ik 
b-15 

1.96 
1.64 
1.83 

1.91 
1.60 
1.75 

1.94 
1.62 
1.79 

!    •05 

.04 

.03 

- 24.2 
- 8.48 
♦     7.26 

I 

8.61 
6.7« 

14.5 

lb 
lb 
lb 

1  #1 - Mid Choni 
1 #1 - Mid FUp 
1 #1 - Mid Torslan 1 
1 #1 - Outbd. FUp 

b-6 
b-H 
p-ic 
2-12 

3.10 
3.89 
2.69 
3-00 

3.00 
3.39 
2.67 
2.52 

3-05 
3.6U 
2.66 
2.76 

.10 

.50 

.02 

.48 

-1627.4 
- 163.4 

0 
♦    98.4 

ao6.o 
-15.0 
34.3 
80.0 

In-lb 
Jn-lb 
!n-lb 
In-lb 

Model ^tltud« 
Collect .ve Pitch 

|#1 - Cyclic Pitch 
#C - Cyclic Pitch 
#3 - Cyclic Pitch 

P-13 
r7 
is 
i-9 

.39 
3.18 
I02 
U.U3 
3.80 

.39 
3.15 

»♦.23 
U.iU 
3.59 

• 39 
3.17 

4.29 
3-70 

0 
.03 
.29 
.29 
.21 

-    13.5 
♦ 6.71 
♦ 6.21 
♦ 8.97 
4     6.44 

deg 
leg 
deg 
d*g 

■ deg 

1    Oyro Holl Poe.     1 
Oyro Pitch Poa. P-5 

U.93 
3.8? 

U.61 
3.71 

4.77 
3-79 

.32 

.1 
.41 

-      1.68 
deg 
«eg 

Thrutt 
3ra^ 
Roll Monent 
Pitch Monent        |l 

B-17 
2-15 
8-7 
2-9 

.67 
1.12 
3.87 
2.97 

.65 
1.12 
3-79 
2.89 

.66 
1.12 
3.83 
2.93 

.02 
0 

.08 

.08 

♦    14,7 
.51 

lb 
lb 
lb 
lb 

1 

Ut. Vibration 
Loo«. Vibration 
v'tit. Vibration 

J-16 
L-16 

1.65 
1.13 
1.22 

1.52 
•93 
.62 

1.59 
1.03 

.92 

.13 

.60 | 
I j 

.351 
.50 

1.50 

rt/aec2 

L 0 
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TABLE   19.4b       CONFIGURATION  J 

n =   .C5 
/ 

( n    =352 RPM) 

OSCILLOGRAPH #07631 

t***i*y$ßy*iß** Vi 

i-iJ-**j--^--   rr 

MNNM 
i4 

W^ww^s^ «w^^^v^«^ 
/JL 

// 

dfcw   •   ■    ■   a   a   •   a -J 
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TABU 19.5* GOKnamnnoH J 

n - 1.02 
VM - I«0.10 NFM 

ITIM 

#17632 * #07632 
OSCILlOOtAFH MCORO UDUCIOOATA 

Tt. 
No. MAX MIN AVE 2A AVE 2A UNITS 

eve 
•fv. 

#1 • Dmg Link 
#2 - Dm« Link 
#3 - Dw« Llak 

1-3 
1-U 
1-5 

l.ltO 
i.OU 
1.37 

.78 

.22 

.60 

1.09 
• 63 
.99 

.62 

.82 
• 77 

- 1^96 
- "»90.7 
- kkl.k 

61».o 
85.6 
81.3 

lb 
lb 
lb 

#1 - lofeJ. fUp 
#2 - InbJ. FUp 
#3 - Ubd. FUp 

1-10 
l-ll 
1-12 

3M 
2.8? 

3.05 
2.63 

3.26 
2.76 

.«.5 

.26 
♦ U66.8 
♦ 186.8 

»»77.5 
270.0 

In-lb 
!n-lb 

#1 - Pitch Link 
112 - Pitch Link 
#3 • Pitch Link 

1-13 
1-1U 
1-15 

1.70 
1.1*0 
1.77 

1.56 
1.25 
1.55 

1.63 
1.33 
1.66 

.15 

.22 

- 77.8 
- 57.6 
- 16.3 

2U.2 
25.1» 
10.0 

lb 
lb 
lb 

#1 - Mid Chord 
#1 - Mid FUp 
#1 - Mid Torsion 
#1 - Outbd. FUp 

?-6 
2-8 
2-10 
?-12 

2.16 
u.ao 
2.6J. 
2.72 

1.92 
3.78 
2.60 
1.95 

2.0l» 
3-99 
2.62 
2.33 

.2U 

.U2 
,0k 
.77 

-3706 
♦ 313.9 
- 103.0 
♦ 26.7 

U9,4.U 
iao.6 
68.6 

126.U 

«n-lb 
!n-lb 
!n-lb 
!n-lb 

Model attitude 
Collective Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

?-ll 
2-13 
1-7 
1-8 
L-9 

1.70 
3.M 
'♦.59 
U.50 
3.87 

1.70 
3.to 
U.21 
U.09 
3.56 

1.70 
3-1*2 
U.UO 
"..30 
3.71 

0 
.03 
• 36 
.Ul 
.31 

-      U.69 
♦ 7.9'» 
♦ 6.67 
♦ i.Xi 
♦ 6.67 

deg 
de« 
de« 
deg 
deg 

Oyro Roll Poa. 
dyro Pitch Poe. 

2-3 
2-5 

1.6U 
3.62 

^•31 
3.U8 

'».UT 
3-55 

• 33 
.11» 

- 1.^5 
- 2.93 

deg 
deg 

Thruet 
Dm« 
Roll Moant 
Pitch Mannt 

2-17 
2-15 
2-7 
2-Q 

1.78 
1.12 
3.88 
2.99 

1.75 
1.12 
3.86 
2.96 

1.77 
1.12 
3.87 
2.99 

.03 
0 

.02 

.01 

♦ 339.9 
.51 

lb 
lb 
lb 
lb 

Let. Vibretiaa 
Long, Vlbntiao 
Vert. Vibmtlao 

2-lU 
2-16 
1-16 

1.61» 
1.10 
1.20 

I.U6 
.89 
.80 

1.55 
1.00 
1.00 

.18 

.21 

.*) 
1 1 1 

.1»9 

.53 
1.00 

ft/e«? 
G 
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TABLE 19.5b CONFIGURATION 7 

n ■ 1.02 

VM    • 40.10MPH 

2M 



I 

tau i9>6* cofioaumoi J 
1 n - 1.03              I 

V,,   - 50.39 KW 

ITEM 

1      #07633 * 17633                         1 
OSCILLOOIAfH UCOIO        | 1          UDUCm DATA                1 

\n. 
No. MAX MIN AVI 

** 
AVI 2A UNITS 

CYC 1 
MV   1 

#1 - Dm« Llak 
#2 - T>fg Link 
#3 - DrM Llak 

k-3 

r5 

1.33 
1.14 

.5«» 
-.21 

.9*» .79 
1.35 

- U85.0 
- 507.1» 

81.5 
II1O.9 

lb 
lb 

#1  -   lB»Xl.   PlBP 
#2 • Xabd. PUp 
#3 - Xäbd. PUp 

k-10 
E-11 3-52 

2.86 
2.91 
2.56 

3.22 
2.72 

.61 ♦ I103.2 
♦ H»5.3 

647.2 
3322 

in-lb 
in-lb 

#1 - Pitch Llak 
#2 - Pitch Link 
#3 - Pitch Llak 

k-13 
E-ifc 
t.15 

1.61» 
1.30 
LTD 

l.«»5 
1.10 
1.U3 

1.55 
i.ao 
1.57 

.19 

.20 

.27 

- 96.6 
- 113.6 
■   l«».5 

32.8 
33-9 
W9.0 

lb 
I»» 
lb 

#1 - Mid Chord      | 
#1 - Mid PUp 
#1 •> Mid Toraioo 
#1 - Outbd. PUp 

1.6 
M 
B-10 
p-12 

2.10 
U.22 
2.62 
3.00 

1.85 
3-76 
2.57 
1.82 

1.98 
3.99 
2.60 
2.J.1 

.25 

.U6 

.05 
1.16 

-3631.6 
♦ 313.9 
- 173.3 
♦ <«.o 

515.0 
197.8 
85.8 

196.7 

in-lb 
in-lb 
in-lb 
In-lb 

Nodal Attltud« 
Collectlv« Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

B-ll 
R-13 
i-7 
i-8 
1-9 

1.07 
3.88 
U.78 
U.7D 
It.QU 

1.07 
3.86 
U.26 
U.16 
3.60 

1.07 
3.67 
'••53 
U.i»3 
3.82 

0 
.02 
.50 

.l»l» 

. 8.91 
♦ 10.11» 
♦ 9.7 
♦ 12.19 
*    9.20 

Oaf 
daC 
da« 
da« 

Oyro Roll Poa.    1 
Oyro Pitch Poa. 

P-3 
B-5 

U.86 
3.5'» 

U.51 
335 

U.7D .37 
.19 

- .66 
- 3.*6 

da« 

Thruat                   j 
Drag 
Roll Moaant 
Pitch Nonant        | 

B-17 
B-15 
B-7 
B-9 

1.80 
1.12 
2.96 
3.66 

1.76 
1.12 
2.95 
3.85 

1.78 
1.12 
2.97 
3.86 

.01» 
0 

.03 

.01 

♦ 3*2.6 
-      .51 

lb 
lb 
lb 
lb 

1 
1 

II 

Ut. Vibration 
Long. Vibmtloo 
vart. Vibimtioo 

Ml« 
B-16 
1- 6 

LTD 
1.18 

1.39 
.86 

1.55 
1.03 

.31 

.30 

1 

.61» 

.75 
ft/aac2 

0       | 

»7 



TABLE 19.6b CONFIGURATION 7 
n- 1.03 

OSCILLOGRAPH 107033 

\j^/\y^ 

I 2. 

23t 



MO 19.7aO0VXOaUBCiJ 

mm M 
MDUODOATA               | 

mm 
N». MAX MIN AVI 1A 

_ 

AVI 2A UNffl 
CYC 
MV. 

|1 - DNfLl* 
it- SMt Llak 

1-5 

1.3B 
1.0% 
1.2% 

.55 
-.06 
.52 

:S 
.66 

63 
1.12 
.7» 

- %ei.9 
- 506.% 
• %53.0 

85.7 
50.1 
76.O 

Ih 
Ih 
1» 

iX • X*d. nap 
it - UM. Flap 
#S.Z*d. Flap 

l-U 

l:ti 3.51 
2.67 

2.57 
2.20 

3.0% 
2.5% .67 

♦ 212.» 
-   %1.5 

997.3 
695.5 

la-lh 
la-lh 

fl - Pltak Link 
it - ritahUak 
iS-PltckLWi 

1-13 
l-U 
l-l! 

1.65 
1.26 
1.65 

l.%7 
1.13 
l.%7 

1.56 
i.a 
1.56 

.16 

.15 

.16 

- 69.9 
- 111.9 
- 16.3 

Jl.l 
aj.% 
32.7 

Ih 
Ih 
Ih 

#1-1114 Chord 
A .Nid nap 
A - Mid Tortloo 
§1 - Oatlbd. nap 

2-6 

2'U 
2'V 

2.09 
k.n 
2.6k 
3.16 

1.66 
3« TO 
2.59 
2.22 

1.96 
3.91 
2.62 
2. ID 

.23 

.%! 

.05 

.96 

•3B32 
♦279.5 
- 103.0 
♦   66.% 

%73.6 

160.0 

la-lh 
la-lh 
la-lh 
la-lh 

Moial Attltute 
OolUctlvt Pitch 
#1 - Qrelle Pitch 
it - cyclic Pitch 
#3 - cyclic Pitch 

2-11 
2-1: 
1-7 
1-6 
1-9 

3.67 
%.TD 
%.60 
3.97 

3.66 
%.39 
%.2% 
3.66 

- .03 
3.67 
%.55 
%.%2 
3.63 

.01 

.29 

-   16.1 
♦ 10.1 
♦ 10.1 
♦ 12.0 
♦ 9.% 

«•« 

«•« 

*•« 

Cbm» Roll Poc. 
Obnro Pitch Pot. 

2-3 
2-5 

4.82 
3.76 

%.%9 
3.62 

%.66 
3. TO 

.33 

.16 
- .79 
- 2.15 

Tkniat 

RoUNflMDt 
Pitch NOMBt 

2-1' 
2-11 
2-7 
2-9 

1.2% 

366 
3.02 

1.21 

3-65 
2.9% 

123 
1.12 
3.67 
2.96 

.03 

.03 

.06 

♦161.7 
-     .51 

Ih 
Ih 
Ih 
Ih 

Ut. vthmtloB 
Loag. Vfbmtl« 
Vart« vihtmtieB 

2-11 
2-l< 

1.66 
1.25 
1.19 

l.%l 1.5% 
l:0J 

.27 .73 

1.06 

rv-t 
0 

m 



TABLE 19. 7b CONFIGURATION J 

n • ,46 
VM      s 50.94 MPH 

OSCILLOGRAPH #07034 

4s 

*$^f^ 

It. *i i <ii n< < ''' ' " •' -■ 

/4 

240 



TABU M U CONPIQURATION K 

1 n *  I.oo Hrts t §oi(*>b 1 
1 v     • y).**\ HFH 

F                               ! 

ITEM           1 

OSCILLOGtAPH tECOtO |           REDUCED DATA                 H 

\n. CYC 
No. MAX MIN AVI 2A AVE 2A UNITS REV. 

j  #1 - Dm« Link 1-3 2.60 2.18 2.39 • ^ - 3I*5.7 »♦3.3 lb 
j   #2 - I>:«« Link 1-U 3.0U 2.U9 2.72 .55 - 267.1 1     57.1» 

#3 - Dn« Link 1-5 2.U1 1.66 2.09 .55! - 32U.2 j     56.1 

#1 - latod. rup 1-1C 
h - ubd. rup 1-1] 3-76 3.37 3-57 .29 IH»5.6 U13.8 ln-lb 

1  #3 - XaM. FUp i-i; 3.2«» 2.99 3.12 .25 218.0 259.5 

#1 - Pitch Link 1-1' 1.87 1.7- 1.81 .13 -   67.'« 22.M lb 
|   #8 - Pitch Link l-li 1.62 1.«« 1.51 .22 -    66.1 37.3< 
j   #3 • Pitch Link 1-1! 1.50 l."»3 1.51 

■I5 

-    19.91 27.21 1 
#1 - Mid Chord 2-6 2.80 2.63 2.72 .17 -3790 350.2 ln-lb 
#1 - Mid PUp 2-8 ^ I..21 U.I« .37 275 159.1 1            i 
#1 - Mid Tonion 2-IC 2.97 2.92 2.95 .05 - »5.9 85.8 
#1 - Oothd. FUp 2-U 322 2.33 2.78 ;   .89 ]      58.3 llie.ii 

1 
| 

Model Attitute 2-11 2.02 2.02 2.02 0 -     3.69 <teC 

ColUctlrt Pitch 2-1! 2.77 2.75 2.76 .02 3.72 
#1 - Cyclic Pitch 1-7 I..65 U.29 U.J»7 • 36 2.76 
jk - cjrelic Pitch 1-8 it.i« u.03 U.22 .37 k.U 
#3 - Cyclic Pitch 1-9 b.ao 3.91 l».02 .29 \        I..83 

Oyro Roll Po«. 2-3 5.37 5.12 5.25 .25 .17 «»•« 
Qyro Pitch Po«. 2-5 «♦.33 U.22 U.26 .11 -     2.93 

Thrust 2-n 1.73 1.71 1.72 .02 313. > lb 
ine 2-15 1.26 1.28 1 26 0 0 H 
Roll Mannt 2-7 u.ou U.Ol »».03 .03 
Pit -h Mannt 2-9 3-39 3.3B 3.39 .01 

Ut. V^rmtlao 2.H( 1.71* 1.57 1.66 •17 ."»59 ft/^c2 

I-oo«.   . Ibmtlac 
Vert. Vibr»tlao 

2-16 
1-16 

1.11 
1.10 

.83 

.81 
.97 
.96 

.28 

.29| 
-J 

• TO 
.725 

|| 
0 

241 







TABLE 20. 2b CONFIGURATION K 

n   ■    .50 
VMF    -    53.51 MPH 

OSCILLOGRAPH   #176*7 

iL 1111. i i i-L ■""" ' ' 

ObClLLCKJRAPH  #07C<7 

\r^y;\r^? 

'O^'&fi 

MN^y****"* 

wrr^i *i 2 
"»W     r f ^ 

 IL 

i.i...«.. Ji.. iiiii. . 

n 
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TABU A .3» CQHPIOURATION K 

n ■  I.10 
V      •  51». 13 MPH 

ITEM 

#176ft8 k #37688 
OSCILLOGUPH tKOtO IEOUCEO DATA 

Tt. 
No. MAX MIN AVE 2A AVI 2A UNITS 

CYC 
«£V. 

#1 - On« Link 
h . Dra« Link 
#3 • Drag Llak 

1-3 
l-l» 
1-5 

2. ItU 
3.01 
2.U2 

1.96 
1.95 
l.'»V 

2.30 
2.U8 
1.95 

.46 
I.06 

.95 

- 365.3 
- 312.2 
- 339.0 

.,     . 

1*9.5 
110.7 
100.3 

lb 
lb 
lb 

  

#1 . UM. rup 
#2 . Ubd. PUp 
#3 . Ubd. PUp 

1-1C 
1-11 
l-i; 

3.8U 
3-25 

3.31 
2.97 

3.58 
3.11 

53 
.ae 

♦ «»56.2 
♦ 207.6 

562.3 
290.6 

In-lb 
in-lb 

#1 - Pitch Llak 
ft - Pitch Llak 
#3 - Pitch Llak 

l-l] 
1-1» 
1-15 

1.66 
1.36 
1.53 

l.l»9 
1.11» 
1.35 

1.59 
1.26 
l.W. 

.19 

.2«» 

.18 

- 105.1» 
- IO8.5 

32.7 

32.8 
«0.7 
22.7 

lb 
lb 
lb 

#1 • Nld Chord 
#1 • Nld PUp 
#1 - Nld Tonloa 
#1 - Ontbd. PUp 

2-6 
2-8 
2-10 
2-12 

2.77 
U.62 
2.96 
3.50 

2.53 
v.10 
2 36 
2.22 

2.65 
»♦.36 
2.92 
2.86 

.24 

.52 

.08 
1.26 

-393*.6 
♦ 256.0 
- 257-«» 
♦ 71.7 

49«».«» 
223.6 
137.3 
213.«» 

In-lb 
IB-lb 
in-lb 
In-lb 

Nodal Attltud« 
Collactl*« Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 • Cyclic Pitch 

2-11 
2-13 
1-7 
1-8 
1-9 

3.18 
u.se 
k.6k 
»».39 

3.15 
M"» 
l».06 
3.91 

1.7k 
3-17 
«..61 
«».36 
«».15 

.03 
• 5«» 
.56 
.«•6 

-      5.6 
♦ 5.7 
♦ 6.0 
♦ 7.«» 
♦ 6.9 

deg 

«to« 
teg 
de« 

Oyro Roll Poa. 
dyro Pitch Poa. 

?-3 
?-5 

5-63 
U.2D 

5.32 
3-99 

5.W 
«».10 

31 
.21 

♦       .97 
-      3-9 

<i*g 
dag 

Thruat 
Dra« 
ftoll NOMOt 
Pitch NoMat 

J-17 
>-15 
?-7 
?-9 

1.81 

3.95 
3.3«» 

1.78 

3-92 
3.32 

1.80 
1.26 
3.9«» 
3.33 

•03 

.03 

.02 

♦ 337.0 
.51 

lb 
lb 
lb 
lb 

Lat. Vibration 
T/m«. Vibration 
Vert. Vibration 

?-iu 
J-16 
1-16 

1.75 
1.10 
1.22 

1.55 
• 90 
.80 

1.65 
1.00 
1.01 

.20 

.20 

.1*2 

.5«» 

.50 
1.05 

ft/a«? 
G 
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TABLE 20. 3b CONFIGURATION K 

n   -   1.10 

VM      ■   54.13 MPH 
F 

OSCILLOGRAPH #07r.SH 

•*i*fWVÄ*v 
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TABL£  ^u.'» 1 CONFI DURATION 1 < 

;■         '■■.. v MPH 

ITEM 

OSCILLOGRAPH KECOtO RE0UCE0 DATA                  i 

Tl. 
No, MAX MIN AVf 2A i     AVf 2A UNITS 

CYC 
IEV. 

#1 - Dm« 'ink 
#2 > Dm« Link 
#3 - Dm« Link     | 

r3 

2.53 

1. n 
1.96 

^.^2 

1. *3 

• 57 
1.12 
1.10 

- 363-3 
- J8.0 
- 577.5 

^8.8 
116.9 
116.2 

lt> 
lb 
lb 

#1 • Inbd. Flftp 
#2 . Inbd. FUp 
#3 - UM. rup 

k.-io 
i-ii 
k-12 3.30 

3.3'» 
3.06 

3.66 
3.19 

.63 

.22 
♦ 5i*l.l 
♦ 290.6 

666.U 
226.1. 

In-lb 
!n-lb 

#1 - Pitch Link 
#2 - Pitch Link 
#3 • Pitch Link 

1-13 

1-15 

1.67 
1.39 
1.56 

1.U2 
1.11 
1.32 

1.55 
1.25 
l.U 

.25 

.36 

.24 

- 112.3 
- 11D.2 
- 32.7 

"•3.2 
»•7.5 
1.3.6 

lb 
lb 
lb 

#1 - Nld Chord 
#1 - Mid PlAp        | 
#1 - Nld Torsloa 
#1 - Outhd. riMp 

F"6 

b-8 
b-io 
b-i2 

2.78 
k.69 
2.95 
3.W. 

2.53 
I..18 
2.89 
2.10 

2.66 
U.U3 
2.92 
2.77 

.25 

.50 

.06 

-391I« 
♦ 288.1 
- 257.»» 
♦ 56.7 

515.0 
215.0 
103.0 
223.>» 

!n-lb 
!n-lb 
in-lb 
in-lb 

II 

Model Attitude        | 
Colltctlv« Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

p-u 
^-13 

1-9 

2.06 
3.20 

I..66 
U.kO 

2.06 
3.17 
'•.33 
1».05 
3.90 

2.06 
3.19 
U.61 
»».36   1 

0 
.03 
.'5 
.01 
.50 

-      3.U2i 
♦ 5.83 
♦ .26 
♦ 7.36 
♦ 6.90, 

d*S 
deg 
deg      1 
d*g 

Oyro Roll Pos. 
Oyro Pitch Po*. r5 

5.65 
k.17 

5.32 
3.96 

5. »»9 
U.07 

•33 
.21 

♦      1.00 
-     '•.03 d*f j 

Thruat 
Dm« 
Roll MoMnt 
Pitch MaMnt 

r17 
t-15 
fe-7 

r9 

2.05 
1.27 
3.93 
3.W0 

2.01 
1.27 
3-89 
339 

2.03 
1.27 
3-91 
3.»0 

.0*. 
0 

.01. 

.01 

♦ »iofc.3 
.25 

lb 
lb 
lb 
lb 

Let. Vlbmtlao 
Long. Vlbmtlao   ! 
Vert. Vlbmtlao • 16 

1.75 
1.08 
1.15 

l.M» 
.86 
.78 

1.60 
• 97 
.97 

.31 

.22 

.17 

.837 

.55 

.925 

ft/.ee1 
0        | 
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TABLE 20.4b CONFIGURATION K 

n   • 1.29 

VMF   "   54»38 MPH 

OSCILLOGRAPH i07f.H«) 

Wvv;|i/vv \ 

}***<**b*w* 
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11 «*—< 
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n   -    1.51 

VM       '    54«69 MPH 

OSCILLOGRAPH  #17^90 

lllllMMl i ■ ■ m ■ ■ ■ .1 

OSCILLOGRAPH #07690 

VA/^XAT 
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TABLE 21. lb CONFIGURATION L 

n   •   .55 

VM      ■   42.29 MPH 

252 









TABLE Zl. 3b CONFIÜURATION L 

n   -    .59 

VK        '   68. S3 MPH 

OSCILUXIRAPJI #i812 

\4/-vvV^^ it 

OSCIl.l/XJRAPH   ITMIJ 

.MAMAr 

Vf^SW^A-A'^ w*»^ 
I« 

»7 
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TABLE 21,4b CONFIGURATION L 
n    =   ,60 

VM       s    75.34 MPH 

OSCILLOGRAPH #7sr>8 

^Avkv^i> 

35t 





TABLL Zl.bb CONK1GUKATION L 

n   :    1.03 

VMF   •   ^^.08 MPH 

O^CILUXJRAPU  *7. AC 

^A^r^A^f 

260 





TABLF 11.bh CONFKiURATION L 

r\    ■    1. U 3 

VM       ■    S^OH MFH 
r 

OSCILLCXiRAP.l   ^^67 

YV\A^v/ 

1*3 

OSCILl.')GRAPH «»7  «.7 

^^VVVVVv^^VTu/<# 

]VM0AMHM**t^^ \<i 
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TABU <?) .  • COKFIOURATION L 

n  •  1.Cl 
Vu    •  ^7.55 MHi 

ITEM 

OSCILLOOIAPM IfCOtD ICOUCEO DATA                  1 

Tl. 
No. MAX MIN AVI 2A AVf 2A UNITS 

CYC 
IIV. 

#1 - T)i%* Link 
#2 - Dr«« Link 
#3 - Dr«g Link 

1-3 3-03 
2.87 
3-13 

c1. 2^ 

l.lU 
I.58 

Z.63 
2.C1 
2-35 

.81 

1.73 
1.55 

-W7.2 
-375.6 
-324.U 

»2.0 

B7.7 
lb5.9 

lb 

lb 
lb 

#1 . Inbi. rup 
#2 - Inbü. FUp 
#3 - InbJ. ri*p 

.-K 
-11 

[-12 I.S6 3.* 
3-87 
3-63 

• 75 
.46 

♦663.4 
♦65":. 8 

7^5.8 
468.1 

!n-lb 
!n-lb 

#1 - Pitch Link 
#2 . Pitch Link 
#3 - Pitch Link 

-13 
.-Ik 
.-15 

1.96 
1.67 
1.68 

l.70 
l.lO 
1-39 

1.83 
1.53 
1.53 

.26 

.27 
29 

- 50.6 
- 68.1 
- 41.9 

43.4 
47.2 
50.6 

lb 
lb 
lb 

#1 - Mid Chord 
#1 - Mid FUp 
#1 - Mid Tortlao 
#1  -  Outbd.   flAp 

>-6 
»-8 
Mo 
M2 

2.71 
U.U7 
3.00 
3.8U 

2.37 
3-70 
2 93 
1.61 

2.5»» 
11.09 
2.97 
^.73 

.34 

.77 

.07 
2.23 

-3440.2 
♦255.6 
♦ 35.5 
♦ 65.5 

700.4 
328.0 
82.7 

347.9 

In-lb 
!n-lb 
la-lb 
!n-lb 

Model Attltud« 
CollaetlTt Pitch 
#1 - Cyclic Pitch 
#2 - Cyclic Pitch 
#3 - Cyclic Pitch 

Ml 
M3 
.-7 
-8 
.-9 

1.03 
3-59 
5. 35 
5.22 
U.9U 

1.03 
3.58 
^.53 
»•.31 
U.07 

1.03 
3.59 

U.76 
I..51 

0 
.01 
.82 
• 91 
97 

- 10.05 
♦ 8.84 
♦ 7.70 
♦ 8.44 
♦ 7.3D 

dM 

d*8 
de« 
de« 

Qyro Roll PM. 
Oyro Pitch Po«. 

?-3 
J-5 

6.18 
U.20 

5.75 
3.96 

5.97 
l».09 

.43 

.22 
♦    3.35 
-    325 

d*€ 
de« 

Thrust 

ROU NOMBt 
Pitch MOMBt 

M7 
M5 
J-7 
i-9 

1.71 
1.11 
3-77 
3-19 

1.69 
1.11 
3.71» 
3.16 

LTD 
1.11 
3-76 
3.18 

•03 
0 

.03 

.03 

♦316.4 
-      .76 

lb 
lb 
lb 
lb 

Ut. Vibmion 
Laog. Vihimtioa 
vtrt. VfbmtiaB 

M6 
L-16 

LTD 
1.23 
1.29 

l.W» 
.89 
.5k 

1.57 
1.06 

.92 

.26 

.75 

rt/eec2 

1.875 0 

3*3 



TABLE Zl. 7b CONFIGURATION L 

n   ' 1.01 

V^      -   67.55 MPH 

2Ö4 



1    n -  l.OU 
1    V      - 76.U2 WH 

1      ^ 
ITEM 

|        #5869 »#r669 
OSCILLOOIAFH UCCtO tfDUC» DATA                  1 

No. L MIN AVI 
^ 

AVf 2A UNITS 
CYC  1 
KV. 1 

j   Si . DIM Llok 
1   le - Oi«« Link    ! 

#3 - Dnc Llak r5 

2.91 
2.96 
3-23 

LTD 
.»•6 
• 93 

2.31 
1.72 
2.08 

1.21 

2.30 

-337.»• 
-»«7.0 
-353.2 

123.7 
368.5 
2»*.2 

lb 
lb 
lb 

1   #1 - 1*4. FUff 
#2 . IBM. ru» 
#3 - UM. ruv 

i-10 
i'll 
1-12 

W.W» 
3.9»» 

3.27 
3.21 

3.85 
3.57 

1.17 
.73 

«6».7.2 
♦59^.2 

1241. Ii 
77»».5 

in-lb 
in-lb il 

#1 - Pitch Llak 
#8 - Pitch Uak 
#3 - Pitch Llak 

1-13 

k-15 

1.90 
1.58 
1.6»» 

1.57 
1.30 
1-30 

1.7»» 
l.kk 
1.1.7 

.33 

.38 
•3M 

- 66.». 
- 83.8 
- 52.»» 

57.6 
W.9 
59.4 

lb 
lb 
lb 

1 #1 • Mid Chord 
1 #1 - Nld PUp 

#1 - NIC Tonlon 
#1 - OutM. PUp 

P-6 

b-8 
b-io 
e-i2 

2.72 
»♦.73 
3.00 
»».50 

2.30 
3-52 
2.91 
1.10 

2.51 
»..13 
2.96 
2.80 

.»tf 
1.21 

.09 
3. to 

-3502 
♦272.6 
♦ 23-6 
♦ 76.». 

865.2 
515.5 
106.4 
530.'• 

In-lb 
In-lb 
In-lb 
m-ib 

1 Nodal Attitude 
1 ColUetiTt Pitch 
1 #1 - Cyclic Pitch 
1 #2 - Cyclic Pitch 
1 #3 - Cyclic Pitch 

B-ll 
P-13 
^-7 
t.8 
1-9 

.88 
U.07 
5.66 
5.53 
5.25 

.87 
»..05 
U.5»» 
»•.35 
U.U 

.88 
»..06 
5.10 
»..9». 
»..68 

.01 

.02 
1.12 
1.18 
1.1». 

- 11.09 
♦ 11.17 
♦ 9.9U 
♦ 10.71 
♦ 9.83 

dag 
dag 
dag 
teg 
teg 

i    Oyro Roll Po«. 
i   Oyro Pitch Po«. 

r-3 
p-5 

6.»»6 
»».02 

5.95 
3-72 

6.21 
3-87 

51 
30 

♦   »».17 
-   k.ko 

teg 
teg 

[    Thruat                   | 

Roll NcMnt 
Pitch NoMnt 

e-i7 
M5 
2-7 
?-9 

1.82 
1.10 
3.72 
3.27 

1.77 
1.10   I 
3.70   j 
3.23 

1.80 
1.10 
3.71 
3.25 

.05 
0 

.02 

.0». 

♦3^5.7 
-    1.02 

lb 
lb 
lb 

Ut. VihratioD 
Long, vibration 
Vart. Vlbi«tlco 

MU 
M6 
L.16 

1.76 
1.28 

1.1*5 
.89 
.uo 

1.61 
1.08 

.87 

.31 
• 39 
.9U 

.8». 

.971 
2.35] 

ft/aa^l 
a 

MS 









TABU 2^. 2* COBPIOUUnOi N 

n •  .867 
v    • ks.vB nm 

(Q . U6D mm) 

ITEM 

f>8<jr   * ^r8^ 
OSCILLOOtAPM UCOtD UDUCCO DATA                    1 

Tl. 
No. MAX MIN AVI 2A AVI 2A UNITS 

CYC 
IfV. 

#1 • Di«« Link 
#2 - Di«« Link 
#3 - On* Llak 

1-3 
1-4 
1-5 3.5^ 

3-5^ 
2.66 
2.86 

3-93 
2.95 
3.2C 

.82 
58 

.66 

.a2.7 
-275.0 
-aofc.T 

83.8 
62.8 
72.8 

lb 

#1 • Ubd. Pln{> 
#2 . labd. Plnt> 
#3 - labJ. Plnp 

l-io 
1-1L U.68 

U.l«l 
3-2' 
3-9 

3-97 
3-75 

1.42 
1   32 

763-9 
806.U 

1506.6 
IIO0.5 

In-lb 

#1 - Pitch Llak 
h. • Pitch Llak 
#3 - Pitch Llak 

1-1] 
l-lli 
1-15 

23'» 
2.03 
1.82 

2.26 
1.96 
1.72 

2. 3D 
2.00 
1.T7 

.08 

.07 

.10 

-    5.21. 
-  e.99 

6.99 

lU.O 
12.2 
17.5 

lb 

#1 • Nld Chord 
i '1 - Nld Plnp 

11 • Nld Tonloa 
#1 - Ootbd. Plnp 

2-6 

2-10 
2-a 

2.97 
I..J2 
2.91 
2.71» 

2.81 
3.69 
2.87 
2.0k 

2.8y 
«i.Ol 
2.89 
2.39 

.16 
■ 63 
.Ok 
■ TO 

-2369 
23D 
23.6 
2D.3 

329.6 
266.b 

»»7.3 
109.2 

!n-lb 

Nodal Attitude 
Collaetlva Pitch 
4} - cyclic Pitch 
#2 - Cjrcllc Pitch 
#3 . Cyclic Pitch 

2-11 
2-11 
1-7 
1-8 
1-9 

3-05 
2.22 
I..52 
U.Ut 
3.89 

3-05 
2.20 
'..27 
"».15 
3.67 

3.05 
2.21 
U.liO 
I..3D 
3-75 

0 
.02 
25 

.29 

.22 

3-55 
1.18 

.11« 
3-02 

.61 

«le« 

djrro Roll Po«. 
Qyro Pitch PM. 

2-3 
2-5 

5.66 5.39 
'•.25 

5.5k .29 
.1U 

2.00 
152 de« 

Thruat 
Of* 
ROU NOHBt 
Pitch NoMat 

2-17 
2-15 
2-7 
2-9 

• 99 
»»•27 
3-85 
3.10 

.96 
k.19 
3.81 
3.10 

.98 
'»23 
3.83 
3.10 

■ 03 
.08 
.Ok 

0 

271.6 

73.'» 
lb 

Ut. VibrvtiOB 
Loac. vibmtloo 
Vtrt. Vttmtioa 

2-lk 
2-16 
1-16 

1.79 
1.29 
1-23 

1.53 
.76 
.60 

1.66 
1.03 

.92 

.26 
53 
63 

i 

.702 
1325 
1575 

ft/.ec2 

0 

H* 





TAWS ^.3* coanaousoi M 

n • 52 
- 82.63 WH 

ITIM 

#W0l & #F901 
OSCILLOGtAfH 

Ti. 
MIN AVI 2A 

DATA 

AVI 2A UNITS 
CVC 
KV. 

8 - DIM Link 
- Dra« Link 
- Dm« Liak 

1-3 
l-V 
1-5 

3-35 
2.62 
2.62 

2.91 
2.26 
2.37 

3.13 
2.W5 
2.U9 25 

-272.0 
-329.1 
-262.6 

36.8 
26.8 

lb 
lb 
lb 

Ü 
1 - UM. ria» 

- Ubd. FUj» 
3 - Ubd. n«» 

l-ld 
1-1 
1-14 

U.50 3.11 
3.02 

61 
56 

1.39 
1.09 

♦601».8 
♦59^.2 

lU7»i.8 
1156.5 

lo-lb 
!n-lb 

t: Pitch Llak 
Pitch Uak 
Pitch Uak 

l-l 
l-li 
l-l! 

2.3B 
2.09 
1.87 

2.23 
1.95 
1.72 

2.31 
2.02 
I.80 

.15 

.14 
15 

♦5.2»» 
0 

♦10.5 

26.2 
2«». 5 
26.2 

lb 
lb 
lb 

Hid Chord 
Mltf Ptop 
Ml* Toraloa 
0«thd. Plap 

2-6 
»-a 

10 
12-li 

2.^7 

2.96 
3.W) 

2» 
3-62 
2.91 
l.n 

2.kl 
V.00 
2.9*» 
2.60 

.12 

.76 

.05 
i.n 

•3502 
♦119.3 
-236.k 
♦42.1 

247.2 
323.8 
5'>.l 

276.1 

•n-lb 
lo-lb 
!n-lb 
In-lb 

Motel Attltute 
ColUetl*» Pitch 
!i - cyclic Pitch 

Z - Gaelic Pitch 
3 - Cyclic Pitch 

Ml 
131 
7 

-a 
-9 

2.0c 
2.10 
2.37 
4.34 
3.93 

2.00 
2.09 
2.23 
4.17 
3.67 

2.00 
2.10 
2. 3D 
4.26 
3-75 

0 
.01 
.14 
• 17 
.16 

-3.35 
♦.61 

• 30.0 
♦2.52 
♦ .46 

«M 

Qfro Roll Po». 
Qfro Pitch Pot. 

J-3 
8-5 

53 
46 

5.14 
4.30 

5.34 
4.39 

39 
.16 

♦73 
-2.15 

4»« 

•17 
•15 
•7 
•9 

.66 
2.61 
3.72 
3.16 

• 75 
2.51 
3.66 
3.15 

.61 
2.56 
3.TD 
3.16 

.11 

.10 

.04 

.01 

Ut. vihrntloB 
Lone* vibrntioB 
Vert. vamtlOB 

-14 
.16 

i-16 

1-93 
1.26 
1.3D 

1.44 
.92 
49 

1.69 
1.09 

.90 

• 49 

.81 

145.4 
♦31.5 

1.3J 
• 8- 

2.02! 

lb 
'b 
lb 
lb 

o^ 

271 



TABLE 22.3b CONFIGURATION M 

n   »   .52 
VMF   s   82.63 MPH 

OSCIl.LfKiRAPtI  *'>y01 

Wnm^iMil** 
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TABU 22.w comamxiic* M 

f ^r      4 #7'» 2 
j            MDUCIO DATA                  i n  •   . i»7                      1 

v       -  rf.y Mffl 
^      ITIM           j 

OSCILLOGIAfH WCOtO 

II 
Tl. cw 1 
No. MIN AVI 2A 1     AVI 2A UNITS «V. 

#1 ■• Dm« Link 
i   #2 - Dm« Link 

1-3 3.1»^ 2.79 3.12 .65 -273.0 66.5 Lb 
\l-k 2.70 2-31 2.51 .39 -322.6 U2.2 lb 

#? - Dm« Link \\-'> 2.77 2. 15 2.56 .U2 -275.1 1.5.0 lb 

#l - labd. FUp 
j   #2 • labJ. FUp 

i-n 
i-ii «♦••»i 3.0 3 3.78 1-50 1   «572.9 i5'n.5 la-lb 

j   #3 . Ubd. FUp i-i3 u.oe 3.0U 3.56 1.0U ♦59^.2 1103.1» !B-lb 

1   #1 - Pitch Link pi] 2.k) 2.22 2. 31 .18 ♦5.21» 31.'« lb 
1   #2 - Pitch Llak h-ik 213 1.92 2.01 .21 -1.75 *>.7 lb 
I   #3 - Pitch Llak p-15 193 1.70 1.82 .23 ♦ l^.O to.2 lb 

1 #1 - Mid Chord P-6 2.50 2.23 2-37 .27 -3581..U 556.2 !n-lb 
1 #1 - Mid PUp M U.U3 3.21 3.82 1.22 1     *U2.6 519.7 !n-lb 
1 #1 • Mid TonloD p-io 2.96 2.89 2.93 07 -2U8.2 82.7 '.n-lb 
1 #1 - Otttbd. fl,-. p-12 3.65 1.73 2.69 192 ♦71.8 299.5 'n-lb 

1 Model Attitude P-U 2.05 2.05 2.05 0 I       -3.02 de« 
1 

ColUctlv« Pitch b-n 2.09 2.07 2.08 .02 ♦  .5*» dr« 
1 #1 - Cyclic Pitch ► -7 J».45 1».27 U.lt8 •fe ♦   .56 deg 
1 #2 - Cyclic Pitch [-8 '••39 »».13 U.* .26 «2.52 d€g 
#3 - Cyclic Pitch 1-9 3.8? 3.63 3.75 .21» 1       ♦   -^ deg 

1    Oyro Roll Po«, M 5.62 5-09 5. jb • 5 ♦   .23 deg 
1    dyro Pitch Po«. p-5 u.ue U.23 "».36 25 -2.31 deg 

1    Thnut 2-1 i .86 .I* .81 U ik^.kl lb 

1    Dr**< 2-15 U.05 3.89 3.97 .16 1     «67.3 lb II 
1    Roll Monent          | 2-7 ^.69 vft6 3.68 03 lb 
j    Pitch Man«nl        j 2-q 3-07 3.0- 3.07 0 lb 

1   Ut. Vlbmtlan     | 2-l<* 1.Ö3 l.5ü 1.67 3 .8^ 
rtAec^ 1   Lam-;, Vlbmtlon 

1   Vert. Vlbmtlon 
2-16 1.36 

1.26 
.89 
• 55 

1.13 
.91 .7 

1.18 
1.78 1 G 

L                                                          J  it 1 n 
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' 

TABU 22.^ coanauuno« N 

In  -   .1*6                     1 
|v      .  10U.I.2 MFl 

1 
I            ITEM 

1       #5903 * fr903 
OSCILLOGtAfH UCOIO UDUCED DATA                  f 

No. MAX M1N AVE 2A 1     AVC 2A UNITS 
CYC  I tKV' 1 

1   #1 - ürM Link 
1   #2 - Dra« Link 
1   #3 - Dn« Link. 

b-3 
h.w 
t-5 

3-^ 
2.62 
2.7'» 

2-73 
2.19 
2-30 

3-09 
2.1« 
2.52 

73 
M 
kk\ 

-27b.0 
•   -3345 
j   -279-4 

74.6 

*7.l 

lb 
lb 
lb 

1   #1 • IBM. FUp 
1   #2 - Ubd. FUp 
I  |3 . law. Pin» 

Q.-10 
b-u 
b-i2 

1..U6 
3-96 

3-07 
3.06 

3.76 
3-51 

I 39 
90 

♦5517 
♦541.1 

1474 8 
954 9 

•n-lb 
!n-tb 

#1 - Pitch Link 
IS • Pitch Link 

1   #3 • Pitch Llak ».-15 

2.39 
2.12 
1.94 

2.1« 
1 ,0 
1.68 

2.29 
2.02 
1.81 

21 
23 
26 

1       ♦1-75 
1        0 

♦ 12.2 

36 7 
40 2 
45 4 

lb 
lb 
lb 

#1 - Nld Chord 
#1 • Nld FUp 
#1 - Nld TonloB 
#1 - Outbd. PUp 

L-6 
b-8 
p-io 
B-12 

2.1.9 
!   50 
.   96 
-■82 

2.19 
3-62 
2.89 
l.h8 

2.3*. 
1..06 
2.9'. 
2.65 

30 

86 
09 

2 3M 

-3646.2 
♦144.8 
-236.4 j 
♦48.4 1 

618 0 
374 9 
IO6 4 
365 04 

In- b 
<n- b 
in- b 
<n- b 

Nodal Attltud«       1 
Collaettvt Pitch 
#1 . Cyclic Pitch 
#2 • Cyclic Pitch 
#3 - Cyclic Pitch 

p-11 
k-13 

[-a 
1-9 

1-97 
2.32 
»».59 
»•.53 
U.00 

1.97 
2.3D 
4.26 
«••13 
3.64 

1-97 
2-31 
fc.«.3 
•»•33 
3.82 

0 
02 

to 
36 

-3-55 
1      ♦I.66 

-   .14 
♦ 3-40 
♦1.52 

**' 
de« 
de« 

n 

Oyro Roll Po« 
dyro Pitch Po«. 

8-3 
?-5 

5.81. 
k.ko 

5. 9 
U.io 

5-52 
U.25 

65 
3D 

♦ 135 
-2.86 «toi 

!   Thrust 
|    On* 

Roll Nonant 
Pitch MoMnt 

M7 
M5 

i-9 

.88 

3-71 
3.06 

• 72 
I..18 
3-67 
3.05 

.80 
'..25 
369 
3.06 

16 

0». 
1 

137.7 
♦74.4 

lb    1 
lb 
lb 
lb 

n 

Ut. Vlbmtloo 
Loo«. VlbmtioQ 
Vtrt. Vlbmtloo 

i-ik 
M6 
1-16 

1-93 1.1.1 
.80 
• 36 

1.67 
1.09 
1.01 

52 
.58 

1 46 

1 40 1 
1  45 
3 65 

t%/*i 
0 ' 

• 

37S 



TABLE IZ.bb CONFIGURATION M 
n   -   .46 

VMF   "    104.42 MPH 

OSCILLOGRAPH «7903 
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LR 17013,   March 1964,   Z84 pp. 
(Contract DA 44-I77-TC-828) 
USATRECOM  Task ID 121401A14302 

Unclassified Report 

An analytical   and experimental 
investigation of a 10-foot diameter 
dynamic model rigid rotor helicopter 
was conducted with the cooperation 
of the   NASA  Langley Research 
Center by the Lockheed-California 
Company from April 1962 through 
June   1963,    Seven rotor 

(over) 
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LR 17013,   March 19^4,   284 pp. 
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Unclassifed Report 

An analytical and experimental 
investigation of a  10-foot diameter 
dynamic model rigid rotor helicopter 
was conducted with the cooperation 
of the   NASA   Langley  Research 
Center by the Lockheed-California 
Company ;rom April  1962 through 
June   1963.    Seven rotor 

( over) 
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Contract 
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Coupling 
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Contract 
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Lockheed-California Company, 
Burbank,  California,   Report No. 
LR 17013,  March 1964,   284 pp. 
(Contract  DA  44-1 77-TC-828) 
USATRECOM   Task ID 1 2 140 ' A14302 

Unclassified Rtport 

An analytic.il and experimental 
investigatic i of  i  10-foot diameter 
dynamic model rigid  rotor helicopter 
was conducted with the cooperation 
of the   NASA   Langley Research 
Center by the Lockheed-California 
Company from April  19b2 through 
June  19b3,    Seven rotor 
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Lockheed-California Company, 
Burbank,   California,   Report No, 
LR  17013,   March 19t>4,   2H4 pp. 
(Contract  DA  44-r 7-TC-K2H) 
USATRECOM   Task ID 1 2 140 1A 14 302 

UncL  ssified Report 

An analytical and experimental 
investigation of a  10-foot diameter 
dynamic model rigid rotor helicopter 
was conducted with the cooperation 
of the   NASA   Langley Research 
Center by the Lockheed-California 
Company from April  l9ol through 
June  19b3,    Seven rotor 

(over) 

Elastic 
Coupling 
Phenomena of 
High-Speed 
Rigid Rotors 

Contract 
DA   44-177- 
TC-828 

Elastic 
Coupling 

Phenomena of 
High-Speed 
Rigid Rotors 

Contract 
DA   44-177- 
TC-828 



configurations were tested in the   NASA  Langley Full 
Scale Tunnel and two of these were tested to higher 
speeds and full scale Reynolds number and Mach number 
utilizing Freon-lZ in the   NASA   Langley Transonic 
Dynamics   Tunnel.   A principal focus of the program was 
the decoupled or "matched blade" type of rigid rotor.   In 
a "matched blade" the in-plane bending stiffness is equal 
to the   vertical bending stiffness.    It was demonstrated to 
simulated air speed? of Z40 mph that this type of rotor is 
stable wita extremely small values of control gyro 
inertia. 

configurations were tested in the   NASA   Langley Full 
Scale Tunnel and two of these were tested to higher 
speeds and full scale Reynolds number and Mach number 
utilizing Freon-lZ in the  NASA   Langley   Transonic 
Dynamics Tunnel.   A principal focus of thf program was 
the decoupled or "matched blade" type of rigid rotor. In 
a "matched blade" the in-plane bending stiffness is equal 
to the vertical bending stiffness.    It was demonstrated to 
simulated air speeds of 240 mph that this type of rotor 
is stable with extremely small values of control gyro 
inertia. 

configurations were tested in the   NASA  Langley Full 
Scale Tunnel and two of these were tested to higher 
speeds and full scale Reynolds number and Mach number 
utilizing Freon-lZ in the   NASA   Langley Transonic 
Dynamics Tunnel.   A principal focus of th^ program was 
the decoupled or "matched blade" type of rigid rotor.   In 
a "matched blade" the in-plane bending stiffness is equal 
to the vertical bending stiffness.    It  was demonstrated to 
simulated air speeds of 240 mph that this type of rotor is 
stable with extremely small values of control gyro 
inertia. 

configurations were tested in the   NASA   Langley  Full 
Scale   Tunnel and two of these were tested to higher 
speeds and full scale Reynolds number and Mach number 
utilizing Freon-12 in the  NASA   Langley Transonic 
Dynamics Tunnel,   A principal focus of the program was 
the decoupled or "matched blade" type of rigid rotor. 
In a "matched blade"    the in-plane bending stiffness is 
equal to the vertical bending stiffness.    It was 
demonstrated to simulated air speeds of 240 mph that 
this type of rotor is stable with extremely small values 
of control gyro inertia. 




